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ETOLUTIONS  AT  SEA: 
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Tbe  copyrigfat  of  The  New  American  Praedcal  NavlgatOT,  b;  the  late  Dr. 
Kftthaniel  Bowditch,  bariDg  become  the  property  of  the  govemineiiti  under 
the  proTisions  of  section  2  of  "An  act  to  establiah  a  h^drogr^hic  office 
in  the  Navy  Depwtmeat."  improved  Jnne  31. 1S66,  the  present  edition  of  this 
work  is  published  by  the  Bureau  of  Narigatiou. 

Future  changes  in  The  New  American  Practical  Navigator,  with  a  view  to 
its  improvement  in  certain  respecta,  are  contemplated ;  but  a  new  edition  hav- 
ing been  called  for  to  supply  tbe  immediate  demands  of  navigators,  the  work 
is  now  printed  from  the  orij^nal  stereotype  plates  as  used  in  the  last  edition, 
(1867,)  with  the  exception  of  a  few  corrections  on  the  plates  of  disooveied 
enors  in  the  tables. 

BuBBAU  or  Navioatioh,  AiiguH  1, 1868. 


izedbyGoOglC 


CORRECTIONS  AND  ADDITIONS 

I   aiOSKAPHlCAL  POUnOHB  ID  TABLK  LIT.    OP  BOWDITCH's  HATIOATOR, 
KDITION   OP    16S1. 

b*  V,  S.  ODHt  Mrra)',  bj  tnUioillf  tf  tha  Trmurj  Dspwuiu'ol 


JMJW  OF  FL^CES. 


V  I  Cape  Elii>b«tli  W«rt  LMit  .. 
2  Cap*  BLttbatb  Eut  U^t ... 
«  '  Wood  Island  Ligbt 


43  33.8 
4333.9 

43  17.4 
43  i3.4 


PIoD)  Isliod  East  Light 

Plum  IfiUtid  Wnt  Light 

BeTerlej  Spire 

Ipswich  East  Light 

IpawiehWeat  Light 

SqnwnUgbt 

Strmita  moaUi  lalaod  Light 

llMtefaer'a  Uond  South  Light . 
Thatcher'*  lahuid  North  Ligbt . 

TenpouDtl  Uland  Light 

Eaaten  P<nDt  Li^t 

Baker'a  Island  L^ht 

Salem,  Tall  Smre 

MarUebead,  Black  Tt^  Church. 

Nahant  Hotel 

BOSTON,  State-House 

Cambddffo  Obaerratorj  Dome . 

Booker  Bill  Muoament 

SdtdatB  Light 

Boston  Light.- 

Loi^  Islaad  Light 

Pl;mouth  light 

Race  Point  Ijght 

Cape  Cod  Light 

Long  Point  Light 

WelUeet  light 

KlliDgagat«  Punt  Light 

NaoMtl  Centre  Light 

Kanaett  Soatfa  Light 

Oiatham  South  Light 

HooomoT  Light 

New  Badibrd  IJriit 

Cap«  Pogue  Lig^t 

Great  Point  Light 

Brant  Point  Bsaoon 

SaokatTEead  Light 

Nantacket  Harbor  Light 

Nantucket  Old  South  Shoal  .... 
Nantucket  Old  South  Shoal  .... 

Dbtis'  New  South  Shoal 

fittuag  Bip^l^bth 

iBanatable  L^t 

I  Point  Qammco  Light 

jKdgartown  Light 


I  07-5 
r  43.3 
I  36.5 
I  i3.4 


70  48.7] 
70  48.8 
70  5i.4 
70  45.6 
70  45.8 

70  35  !o 
70  34. a  1 
70  34. sj 

70  39.5 


70  54.0 
7:  o3.5 

71  07.4 
71  o3.3 
70  43.6 
70  53.1 
70  57.1 
70  35.7 
70  14.3 

70  01.7 

6^56;' 
69  56.6 
69  56  6 

69  59,3 

70  53.7 

70  oa.4 
70  o5.3 

6957.6 

70  04.4 

69  5i!4 
69  5i.5 

69  16 

70  16.5 
70  i5.6 


lUg.  Point  o(0.& 


Kewbaijpori  Lights, 
SfHre  with  Tnrreta. 


dark's  Point  Light 
NantuckeL 


-TKTgK 


TABLE  LIV. 
Coireclirais  uid  Additions. 


JfAME  OF  PLACES. 


Wert  Chop  Li^t 

I    ITobska  Liaht 

I    Bird  laluid  Light 

I   TBrpauliD  CoT«  Light 

1    Ned's  PtHiit  Lifht 

;    Palmer'i  laland  Ijght 

t    New  Bedford,  Baptist  Spire... 

\    KoiuMl  HiU  lisiit 

I    Cuttybuiik  Li^t ^.. 

'    QftjHeidl^t 

NoHu'iLud 


Newport  8pir« 

I   OMt  lobnd  Lisfat 

I    NmyktlJe^t 

'    Warwick  Light 

,   WkkfordU^t 

'  ProridetMa,  Baptkt  Chiii«b.., 
'    Dutch  Idand  Liglit 

Beavertail  Light 

Point  Jndilh  Light 

WatchiU  Light 

Block  Idud  Liglit 


Stonii^tai  U^t 

I   Mjitieliritt 

I    Saybrook  Light 

I    Little  QoUIalandU^.. 

;    New  London  Light 

,    Falknei'i  bland  Light... 

I    New  HaTen  Ught 

I    Stratbrd  Point  Ugbt 

\    BUck  Bock  Light 

ShefBeld  Island  IJ^t ... 

CaptaiD't  T*i""^  Idght... 


Plain  Island  Ught 

Montauk  Light 

OedM  Islnud  Light 

!    Oldfield  Point  Qght 

Eaton'*  P<diil  Li^c 

.  Sands  r<Hnt  Ugbt 

NEW  TORK,  (Sty  Hall... 

Robin's  Beef  Ught 

NaTT  Yard,  FlMstal. 

CartJe  Oarden,  Flagitaff . 

Fire  Island  Light 

nrino«'B  Bay  Ught 


I  3i.3 
I  M.8 


70  35. 8 
70  39.0 
70  4».7 
70  45.1 
70  47-4 
70  54. a 
70  55.3 
70  55.0 
70  56.7 


4. 19 

71  S4 

4t  1^ 

7.  s? 

41  " 

73  od 

4i  19 

71  3S 

4i  i4 

7353 

1:3 

tt 

it   oa 

73  14 

4oM 

7337 

4o  sa.6 
4o  57-3 
4o  Si.o 
4o4».7 
40  .'9.4 
40  4a. o 
40  41.0 
40  37.9 
4o  3o.4 


4  o3.6 

3  58.5 

4  00. 5 


Trig;  Point  of  a  a. 


i  by  Google 


TABLE  LIV. 
Correotions  and  Additjons. 


JMJHX  or  r/^cM*. 


&ad}r  Hook  Li^t 

i4B*e«iiik  Light 

OceAn  HouM  FlagaUS 

BiTDegat  Light > 

Tucker's  IsUnd  Light 

Cobanwj  Li^it 

Egg  laland  Light 

Cape  iiaj  Light 

PHILADELPHIA.  State-HooM 

WQmingtOD  Ugfat 

Bombay  Hookljght... 

Uispilina  Ught 

Brentirater  Light 

Ciipv  UenlopcD  Ijgbt 

SnmaebatuiB  light 

Taikej  Pmnt  Li^t 

BnltimoTH,  Wuhington 

Poole's  Island  Light 

North  Point  Lower  Li{^ 
North  Point  Upper  Light 

Bodkin  Light 

ADQBpolis,  State-Hoiue.... 

3biap'»  bland  Light 

CU7  Island  Ught 

Pinnt  LooiaHit  light 


Fog  Point  Uriit .. 


J   Smith's  Point  Light 

3  i  Watta"  Island  L^t 

S   New  Point  Comfort  Light  . 
p  Old  Point  Comfort  Light.... 

^   Smith's  Island  light 

*   Cape  Charles 

Ckpe  Henty  light 


37  M.6 
3?  53. » 
3?  46.9 
37  e8.o 
37W..O 
37  07.8 

36  55^5 


73  5o.8 
73  58.8 

73  58. » 
7406.0 

74  16.8 


3943.3 

7530.0 
75  3o.3 

36  56.6 

75  .8.5 

38  47.9 
38  46.6 

7506.1 

pi  04.7 

3,3= 

4 

7604.8 

30  ae 

t 

7600.1 

76  36.6 

3i.7 

4 

76  i5.7 

*)  .. 

3,  1, 

76  .7.3 

aa 

76.5.. 

.MI37 

76  «.6 

38  i3 

t 

38  03 

76.90 

Southern  Light 

little  Egg  Harbor  Ligl  t. 


Hoolh  of  PolMnac. 


Trig.  Point  of  C.  a 


TABLE   LIV. 
Gorrectiana  and  AdditioiM. 


ffJIMK  OF  PLACBX 


KillDevaHiU 

\    Itoiliua'  lalaiiJ  Light 

.  Mew  Inltit,  South  Point... 
;    Cupe  Hatteru  Light 

Ocrucoke  Light 


D.  M. 
75  39.7 
75  3. .8 
75  »8.5 
75  30.9 
i5  58-9 


Trig.  Point  of  Q  a 
Trig.  Ptdnt  of  a  S. 


*<•  ■  Cape  Florida  Ligbt— 

-    I  Ki-y  WeM  Light 

Saiid  Kgj  Light 


»5  39.9 
14  33.0 


8oo5.o 
8.  47.3 
.  51.9 


m  I  UhflTtnw  I'uuit  Llghl 

■    Onuit'i  Light 

^    MolHlit  I'liint  Utfht.. 
—  >buid  lahuidlJght... 


3o4i.4 
Jo  4o.i 
3o  r7.6 
3o  i3.e 


^   Kilnxi  Light 

Pan  ChrL-itian  TJ^bt.., 
,  liniinrl  Ulanil  Ught... 

Cut  Isluid  Light , 

Ship  Iiduod  Wu*t 


Trig.  Point  ol  a  a 


2  '  Choadelenr  light... 


S  '  OnlTSfton,  Entraoce 

J  !  Gsll  iBton,  Oatbedrsl... 

s-i 


_  I  Point  Lobos 

§  I  ^nuth  Fnrallon  . . 

'  Point  Piiua  

Point  ConceptiDU 
Point  LoniB 


37  47.n 
3?  41 .6 
36  36. o 
34  16,9 
3i  40.9 


.59.. 

3  »5.7 


San  FranaKoBaj. 

Mflnterey. 

Bail  Diego  Bay. 


Staliom  on  tite  Fae^  Coatt;  dttgrmmed  att/rvaomieaUy  hjfth«U.S.  Coa*t  Survey. 


San  Dicigo 

SaoKioolM 

auCaUlina 

Sm  Pedro 

PriMmer's  Hirbor  . . . . 

Sanu  Barbara 

PoiDt  Omceptioo 

Sao  Lni*  Obiapo 

Sao  Simsoo 

PtHDt  PilHM 

SaotBCnu 

PiaidioBiU 

PnaU  de  )«•  Bans . . . 

Bodega  Bar 

EaTeDi'  Ancbnraga. , . 

Hendoflioo  Citf 

Shelter  Cova 

Bncfcaport , 

Trinidad  Baj 

Cr«c«Dt  CitT. 

Telwapb  ^1 

Cujrbr's  Harbor 

San  Clemant* 

Swing  Harbor 

Umquab  River 

Cape  Hancock 

Pomt  HudxKi 

FalM  Dungeneaa 

Se>rbt>T<nwb  Harbor  . . 

Lammia  uuand 

AMcM' Point 


3i  4i  57-96  N. 
33  i4  ia-71 

33  36  34-84 
31  4^  '9-50 

34  01  lo.sn 
34  »4  a4-7i 

34  36  S6.3o 

35  10  37.48 

35  38  34.43 

36  37  59.86 

36  57  36-93 

37  47  36. iS 

37  59  34.30 

38  18  90.37 
38  47  57.87 
3o  18  0C.16 
4o  01  13.67 

40  46  37.09 

41  o3  I0.O4 


43  44  ii-73 
43  4i  4S-3i 
46  16  34-85 
48  07  a3.o3 
48  07  53-o3 
48  II  46-78 
48  44  01 .74 
46  II  37-61 


iB  38  <j5 

8  16  03. 

9  4o 


33  34 

33  47  a5. 

34  o3 
34  10 

34  08  07- 
34  n  13. 

18  34 
M  38  47. 
34  09  57. 

34   03  00. 

31  44  33. 
i3  17 
34  37 

33   40  37. 

33  49  3i 


H««rd's  lalanda,  a  Btw  diMorarj, .  ■ 


53  o3 


73  3o  K 


PotiUoiu  of  point*  in  the  Korih  Paeifie  Oetan,  prepared  liy  Lieut  Bent,  hy  direction 
^  Coimntidvrt  Perrg,  coBunandtr  qf  the  late  expedition  to  Japan. 


JTAMBS  OFPLAOSa. 


FoaMM*.— S.  B.  pmnt 

lauim,  *«.— Tele  Sate  Bock , 

Law  Chew,  Na^a 

•*        "     N.  Ft  Cape  Hope. , . , 

Horthem  Island 

SonCham  Ittand , 

Ditappoinunent  or  Rorario  I^and, 

BMttn  lalaodi,  Port  Uojd 

PoBsAdio  or  St  Peters 

Lofa  Vtfe  (higfa  rock) 

B«d6«ld  Bocka^  Konbeni 

'  *        Sontbem ., 

Bronahton  Book* 

Bodi  bland 

ItttM  lai^jna^ — NIrHOl^  Cape  Id«oD 

Simoda  (Centre  Ldaod) 

Cap*  Sagami 

Tabater  laUnd,  T«do  Bar 

Treaty  BiuldiDg,  Tokn-hamB- . . . 

CafwStwaki 

&irt}i  Saki,  Nortbera  point 

Tho Ope  Blunt,  San^car  Btraitt 

Hakodadi.  Kamida  Creek 


36  33  00 
36  13  00 

36  48  00 
35  53  00 
35  48  00 

37  14  00 

3o  35  00 
BO  47  00 
33  57  3i 
33  56  13 

33  43  00 

34  34  30 

34  36  o3 

34  So  49 

35  06  3o 
35  18  3o 
35  97  tS 
34  55  00 
4i  33  00 
4(  44  00 
4i  49  <» 


i3S4 


3i 


i3o  17  00 
i38  57  10 
i38  5o  35 
i38  57  3o 
139  4i  45 
13,40  34 
i39  4o  33 
139  47  00 
i4i  3o  00 
i4i  o3  00 
i4o47  45 


I  Kill  Deri]  Hfll 

rj  <  lioilius'  liland  Liiibt... 


TABLE  LIV. 
Correctioos  and  Additions. 


75  39.7 
75  3i,6 
75  16.5 
7S  30.9 
nS  58.9 


W    Fort  Pinknsy 

£  I  CburleiUiD  Light... 


'S  i  Cnpe  FlDridH  Tjglit... 

J    Key  W«t  Light 

*    ±jai»j  Key  Light 


2    Moblla.  Bwton'i  Acadcmr... 

B  U;l„>rtaw  PoiHt  Light 

»    Onuitii  Lijght 


3o  41.4 
3o  tj'.e 


Trig.  Point  of  a  8. 
Trig.  P<unt  of  0.  a 


So  oS.o 
Bi  47-3 
Si  Sr.9 


*   Biloii  Light 

■;  I'limChriHtinn  Light.. 

i  Round  Island  Light... 

«    Cut  Inland  U^i't 


Trig.  Point  at  0.9. 


^    Chnndelenr  Light... 


S    n  nl  Teuton,  EatraDot 

^  I  Uali  iBton,  Cftthednil... 


37  47-0 
37  41.6 
36  38.0 
34  16.9 
33  40.1 


1  v« 

t>  »5.7 


Su  Fraocnoo  Baj- 
Honteref. 
Sao  Diego  B«j. 


SaliffTu  im  lie  Paeifie  CoaU;  dtttrmmed  attnmomieallg  hy  tk»  V.  S.  Chant  Sunxy. 


Sto  Vie^ 

San  Nieolu. ........ 

SuCiUliu 

Sui  Pedro 

PrismKr'a  Hu-bor  . . . 

Sanu  Barbara 

Point  Conception  . , . . 

Sao  Lnii  Obiapo 

SwlSJm«oo 

Point  Piooa. ........ 

SautUCrni 

Preudio  HiH 

PuDta  de  1m  B«fw . . 

Bodegk  Ba7 

HaTsns'  Ancbanga. . 

BUodocioo  QHj 

Sbrlter  Co*a 

BuekipDrt. 

Trinidad  Baj 

Oweant  Citv. 
T*l. 


jler'BHai 


Cnjier'B  Harbor 

Sbo  Clement* 

Ewing  EarboT 

Umquah  River 

Chpe  Bancotk 

Pomt  Hudaon 

Pabe  DunganaM 

Scarbonxwi  Harbor  . . 

is  laland 

Point 


3a  4i  57-96  K. 
33  14  ia-7i 

33  36  34-84 
31  i'i  19.59 

34  01  lo.io 
34  a4  M-7' 

34  3d  S5.3o 

35  10  37 -48 

35  38  34-43 

36  37  59-86 

36  57  36-93 

37  47  36-15 

37  59  34-10 

38  16  ii>-37 

38  47  57-87 

39  t8  oC-16 

40  01  l3-&7 
Ao  46  37-09 
4i  o3  10-04 
4i  44  44-IO 
37  48  06-43 


43  44  "  -73 
43  41  45-3i 
46  16  34-85 
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Seard'a  lalaadi^  a  d<w  diMOtarj, .  \   ' 


PfUioTU  ^  pnnU  in  tha  Korth  Padfie  Ocean,  prepared  hy  Lieut  Bent,  hy  directum 
of  Commodore  Peny,  eommander  of  the  late  expedition  (o  Japan. 
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GULF  STREAM. 


Under  the  dtreotion  of  Dr.Bache,  the  Superintendent  of  the  Gout  Snrreyt 
the  exploration  of  the  Gulf  Stream,  extending  from  about  42°  N.  latitude  to 
about  28i°,  and  from  about  65j°  to  SOJ"  W.  longitude,  has  been  made — and 
from  bis  notes  on  the  same,  we  have  eztracted  tiie  following: — 

The  ocean  witiiln  the  region  of  the  Gulf  Stream  Is  divided  into  several 
bands  of  higher  and  lower  temperature,  of  which  tbeaxuoft^  Qu^  Stream 
Is  the  hottest,  the  temperature  falling  rapidly  inshore  and  more  slowly  outside. 

Thus,  on  a  line  perpendicular  to  the  axis  of  the  stream,  drawn  from  Sandf 
Hook,  the  temperature  at  the  depth  of  15  fathoms  and  100  miles,  was  t>3° ;  lit 
150  miles,  67°;  at  240  miles,  esj";  280  miles,  80 J'. 

The  late  Lieut,  G.  SI.  fiache  discovered  a  band  of  water  bo  much  coldiir 
than  the  rest  that  he  called  it  the  "  Cold  WaS,"  the  cold  water  appearing  io 
confine  the  hot  water  as  by  a  wall  on  the  imhore  tide.  Its  distanoe  from  San- 
dy Hook  is  Irom  230  to  280  miles;  its  distance  from  Oape  Hay  is  between  138 
and  178  miles;  the  thermometer  at  15  fathoms  on  the  Sandy  Hook  section 
rising  from  6SJ°  to  60}",  or  18°  in  50  miles;  on  the  Oape  Hay  section  rising 
from  62°  to  83}°,  or  21}"  in  46  miles :  at  Charleston,  at  the  depth  of  20  fath- 
oms, rising  from  675'  ^  '9°  in  1*  miles,  and  at  St.  Simons  from  70°  to  76°  In 
12  miles,  being  at  the  rate  of  4^  tenths  to  9  tenths  of  a  degree  to  a  mile.  Be- 
sides this  remarkable  oold  band  tbere  are  two  outtide  ones,  euffiolently  well 
defined,  though  the  differences  of  temperature  are  less  marked,  tlie  existence 
of  which  should  be  known  to  the  navigator,  that  he  be  not  perplexed  in  cross- 
.  Ing  the  stream  and  finding  warm  water,  to  meet  with  cold,  Hien  warm  and  then 
eold  again.  The  poeltioDS  of  these  bands  may  be  somewhat  changed,  when 
tnore  thoroughly  considered.  Luide  of  the  "  Oold  Wall "  there  Is  a  iearm  band 
and  then  the  cold  water  ef  the  shore.  The  a^s  of  the  stream  takes,  in  gen- 
eral, the  curve  of  the  ocast,  below  rather  than  above  the  water,  being  turned 
to  the  eastward  hy  Uie  shoals  off  the  southern  coast  of  New  England.    The 
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uts  of  Ae  cold  hand,  the  mlnlmnm  of  temperatiire  which  fomiB  the  "Gold 
Wall,"  followB  the  ahore  and  shoals  in  Ita  bendinga  more  closely  tbao  tlie  az« 
of  the  Gnlf  Stream;  and  la  traced  vltb  considerable  probability  to  longitudu 
66°.  The  warm  water  of  the  Golf  Stream  rests  on  a  cold  current,  flo^iat:  Ut- 
wards  Gape  Florida,  the  coldest  water  keeping  near  the  Atlantic  coast,  helow 
the  surface  if  not  at  it.  By  obBorrations  at  several  points  along  the  coast  in 
400  fathoms,  between  Sandy  Hook  and  Gape  Florida,  the  surface  temperature 
exceeding  80°,  the  thermometer  iniliuated  46 J°  to  05°  j  off  Hatteras,  in  1000 
iathoms,  40°. 

The  warm  water  of  the  Gulf  Stream  Is  of  very  different  depths  at  different 
points  of  ita  course,  and  in  different  parts  of  any  one  of  the  sections  acroBt,  it. 
From  the  deepest  portion  in  the  cross  sections  the  wanner  water  flows  off  to- 
wards  the  shore,  and  outwards,  overlying  the  cold.  This  thins  out  as  it  ap- 
proaches tiie  shore,  the  cold  water  which  lies  at  the  bottom  coming  up  in  the 
northern  sections,  but  the  warm  water  prevailing  to  the  very  shore  and  at  con> 
Biddable  depths  in  the  southern.  When  the  cutd  water  is  forced  op  by  a  bafK 
UT  riioal,  or  when  it  comes  to  Ibe  surface  front  the  thinning  out  of  the  warm, 
there  is  of  course  a  considerable  change  of  temperature.  This  cold  water  from 
the  north  prevails  on  the  inside  of  the  cotd  bxir,  at  moderate  depths,  as  far 
wnth  as  Hatteras,  and  probably  to  the  south  of  it  Xcting  Master  Jones  fuutid 
tt,  50  miles  S.  E.  of  Gharleaton  light,  running  to  the  S.  W.,  the  surface  wati^r 
being  76°,  and  at  SO  fathoms  68°,  the  axis  of  the  Gnlf  Stream  being  82°,  mo- 
derately warm  water  extending  to  the  bottom. 

The  direction  of  the  axis  of  the  stream  indicates  the  set  of  the  cnrreut  In 
that  band.  To  the  right  and  left  of  it,  the  current  is  outward  and  onward,  and 
to  the  left  as  far  as  the  Cold  Wall  Is  Inward  and  onward.  Inside  of  the  CUd 
WaS,  north  of  Cape  Hatteras,  and  probably  south  of  it,  the  current  is  south- 
eriy,  along  the  coast 

The  velocity  of  the  current  in  the  axis  of  the  stream,  on  the  Gape  Ganavcral 
section,  is  about  3  miles  per  hour;  on  the.  Cape  Fear  section,  about  2  milus 
per  hour,  and  on  the  Sandy  Hook  section,  about  I  mile  per  hour. 

In  the  Charleston  section,  and  ia  the  south,  the  bands  of  cold  and  warm 
water,  with  scarcely  an  exception,  are  proiuetd  ht/  the  shape  p/*  the  boitmn. 
The  elevated  portions  of  the  bottom,  forcing  up  the  cold  water  into  the  warm, 
canae  cold  streaks,  and  the  division  into  cold  and  warm  bands. 

The  vailatioDB  In  temperature  in  different  years  and  at  different  seasons  in 
erariderable,  ttie  more  southerly  sections  in  the  same  season  giving  usually 
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the  highest  temperature.  Bm  In  July,  1846,  on  the  axle  of  the  Gulf  Strewn, 
Iht  temperature  was  higher  at  Sand;  Hook  than  In  June,  1S53,  at  Canaveral, 
by  1^°,  and  higher  than  at  Charleston  by  5}°. 

The  low  temperatures  obserred,  show  that  the  Gulf  Stream  is  oomparativel; 
a  superfioial  current  on  the  snrfaoe  of  an  ooean  of  cold  Tat«r.  The  tempera> 
tures  have  been  observed  from  &e  aurfaoe  to  the  depth  of  500  fathoms — in  n 
few  inatanceB  as  low  as  13  to  IfiOO  fathoms. 

NavigatArs  are  advised  to  make  their  observations  at  the  depth  of  20  fath- 
oms. Sazton's  metalUo  tksnnometer  la  highly  recommended.  A  common 
Six's  self-registering  thermometer,  or  a  oommon  thermometer  enveloped  in 
ootton  or  other  bad  oondnoting  material,  allowed  to  remain  below  the  surfaoo 
long  enough  to  take  the  temperature,  will  answer. 

Mr.  George  W.  Blunt  In  his  "  Atlantic  Ifemoir"  remarks — 

That  in  eummer  the  temperature  of  the  Gulf  water,  south  of  Hatteras,  la 
ftboat  the  same  as  the  water  on  soundings.  In  the  months  of  July  and  August, 
1845,  the  temperature  of  the  water,  from  the  Mississippi  to  Cape  Hatteras, 
both  in  and  out  of  the  stream,  even  to  the  very  mouth  of  the  AtlanMo  rivers, 
was  84°  to  82°. 

The  onrrent  on  the  mettem  edge  of  the  Gulf  Stream,  from  Sandy  Hook  to 
Gape  Hatteras,  sets  south,  a  little  westerly,  about  20  miles  in  24  boors. 

The  current  on  the  eattem  edge  of  the  Gulf  Stream,  nearly  down  to  Matft> 
nilla  Reef,  sets  to  t^e  south  and  west,  almost  opposite  to  the  flow  of  the  GuU 
at  an  average  of  20  miles  tn  24  hours. 

For  further  Information  respecting  the  Gulf  Stream,  the  navigator  Is  referred 
to  Dr  Baohe's  "Notes"  on  the  same,  In  Blunt's  Coast  Pilot,  and  the  "Uemoii 
w  the  dangen  and  ioe  in  th«  North  Atiaatio  Oo«u,"  b;  Q.  W.  Bloit. 
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PREFACE. 


In  the  Prerace  to  the  first  edititni  of  thii  work,  it  was  obserred,  that  the 
object  of  the  publication  was  to  collect  into  oae  volume  all  the  ruled,  ex 
amples,  and  tables,  necessary  for  forming  a  complete  system  of  practical 
Darigation.  To  do  this,  those  authors  were  consulted  whose  writings  afforded 
the  best  materials  for  the  purpose ;  and  such  additions  and  improrements 
were  introduced  as  were  su^ested  by  a  close  Bttention  to  the  subject ;  and 
the  accuracy  of  the  tables  accompanying  the  work  was  ensured  by  actually 
going  through  all  the  calculations  necessary  to  a  complete  examination  of 
them,  making  the  last  figure  exact  to  the  nearest  uniL  In  performing  this, 
above  eight  thousand  errors  were  discovered  and  conected  in  Moore's  Practi- 
cal Navigator,  and  above  two  thousand  in  the  second  edition  of  Maskelyne's 
Requisite  Tables.  Almost  all  the  errors  in  Maskelyne's  collection  were  in 
the  last  decimal  place,  and  in  most  cases  would  but  little  affect  the  result  of 
any  natttteal  calculation ;  but  when  it  is  considered  that  most  of  those  tables 
are  useful  in  othtr  calculations,  where  great  accuracy  is  required,  it  will  not 
be  deemed  an  unnecessary  improvement  to  have  corrected  so  great  a  number 
of  small  errors. 

Several  articles  were  added  in  the  second  edition,  particularly  the  description 
and  use  of  the  circular  instrument  of  reflection,  methods  of  surveying  harbors, 
new  tables,  &c.  In  the  third,  and  subsequent  editions,  several  improvements 
were  made,  and  an  Appendix  was  given,  containing  methods  of  projecting  and 
calculating  eclipses  of  the  moon  and  snn,  and  occultations  of  the  fixed  stars  or 
•lanets  by  the  moon ;  rules  for  deducing  the  longitude  of  a  place  iVom  obser- 
rstiofls  of  eclipses  of  the  sun  or  occultations;  a  new  and  short  method  of 
calculating  the  altitude  and  longitude  of  the  nonagesimal  degree  of  the  ecliptic ; 
eolutions  of  several  useful  problems  of  nautical  astronomy,  and  an  improvemenl 
of  Napier's  rules  for  the  solution  of  spheric  triangles.  Several  new  tablet 
were  added.  The  taUe  of  latitudes  and  longitudes  was  much  jncreased  and 
eorrecled, 

A  new  article  was  given  in  the  sixth  and  seventh  editions,  on  the  method  of 
finding  the  latitudes  by  two  sltitudes  of  the  same  or  of  different  objects,  being 
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in  improvement  of  Mr.  Ivory's  solution.  The  method  we  havo  giten  is  direct 
«n<l  simple,  embracing  dl  the  cases  of  the  problem ;  a  point  which  is  nul 
sufficieutty  attended  to  in  some  works  of  celebrity.  This  article  ia  an  impor 
tant  addition  to  the  work,  and  il  is  recommended  to  the  consideration  of 
navigators. 

The  tables,  published  separately  in  the  Appendix  of  the  first  edition,  am 
introduced  into  the  body  of  this  work,  and  are  extended  so  as  to  render  the 
use  of  Ihem  more  simple.  The  first  method  of  working  a  lunar  observation, 
published  in  that  Appendix,  which  has  one  great  advantage  over  aJl  other 
approximate  .methods,  in  the  manner  of  applying  the  corrections,  (aJI  oflkcm 
being  additive,)  is  here  explained  and  illustrated  b;  several  examples.  The 
second  is  an  improvement  of  Lyons'a  method,  which  had  been  known  for  many 
years,  but  had  not  been  generally  used,  because  the  tables  were  not  sufiicient- 
ly  extended.  This  diflicalty  is  now  obviated,  by  metos  of  Tables  XLVIL 
XLVni.,  which  have  been  compared  with  Thompson's  tables,  and  many  of 
them  recomputed  by  the  aid  of  Shephard's  tables.  The  third  method  was 
given  by  the  author  of  this  work,  in  1T96.  The  fourth  method  is  on  improve 
ment  of  Witchetl's  process,  in  which,  without  altering  materially  the  calcula- 
tion, the  number  of  cases  is  CMisiderably  reduced. 

Any  person  who  wishes  to  examine  the  tables,  may  do  it  by  the  methods 
jsed  for  that  purpose,  wbioh  will  here  be  eii^ained,  with  some  additional 
remarks: 

Tables  I.  and  11.  w««  calculMed  by  the  natural  aiaes  taken  from  the  fourth 
edition  of  Sherwin's  logarithms,  which  were  previously  examined,  by  differ- 
ences ;  when  the  proof-«heetB  of  the  first  edition  were  examined,  the  numbers 
were  again  calculated  by  the  natural  sines  in  the  second  edition  of  Mutton's 
logarithms;  and  if  any  difference  was  found,  the  numbers  were  calculated  a 
third  time  by  Taylor's  logarithms. 

Table  III.  contains  the  meridional  parts  for  every  degree  uid  minute  of  the 
i|Mdnuit,  calculated  by  the  following  rule,  vi^ 

M  =  T  X  0.0007915704468, 
in  which  T  is  the  log.tangMit  less  radius  ofhalf  the  latitude,  increased  by  45°, 
taken  to  seven  places  of  figures,  reckoned  as  integers ;  and  M  is  the  meridional 
parts  of  that  latitude  in  miles. 

Table  IV.  contains  the  declination  of  the  sun,  which  was  compared  with  the 
Nautical  Almanacs  fortheywn*1833,  1834,  lS3o,  and  1836,  and  marked  to 
(he  nearest  minute. 

Table  IV.  A.  The  equation  of  time,  fortheyeara  *1833,  1834,  1835,  and 
1836. 

TaUe  V.  contains  the  correction  of  the  sun's  dedination,  as  published  h; 
Dr.  Maskelyne.  The  correction  taken  from  this  (able  wilt  rarely  differ  mor# 
than  sixteen  or  seventeen  seconds  from  the  truth. 

■  Altered  lo  oorrupond  la  the  yeus  184B,  18W,  IBM,  and  un. 
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Tfkble  VI.  contains  the  menn  of  the  sun's  right  a&ceii^ion,  luken  from  the 
Nautical  Alniannctt  Tor  the  yeara  ISSlt,  1834,  1633,  and  183C. 

Table  VI.  A.  containB  the  correction  for  the  daily  variation  of  the  equation 

Table  VII.  coniaina  the  amplitudes  of  the  enn  for  various  latitudes  and 
declinations,  calculated  by  Taylor's  logarithms,  by  this  rule: 

Loj;.  sec.  lat.-|-log.  sine  declination —  ]O.OOOUOOO^=Iog.  sine  amplitude. 

Table  VIII.  contains  the  right  ascensions  and  declinalione  of  otie  hundred 
and  eighty  stars  of  the  tirsi,  second,  and  third  magnitudes,  with  their  annual 
lariatiotis,  adapted  to  the  beginning  of  the  year  1830.  This  table  was  abridged 
from  thai  published  by  the  aatronomer  royal  at  Greenwich,  (Mr.  Pond,)  in  tho 
year  1833. 

Table  IX.  contains  the  time  of  the  son's  rising  and  setting,  calculated  by 
Taylor's  logarithms,  by  ihin  rule  : 

Log.  COS.  bour=  log.  tang,  declin.-f-  log.  tang,  latitude  — 10.0000000. 

Table  X.  contains  the  distances  at  which  any  object  is  visible  at  sea.  calcu- 
lated by  the  rule  given  in  ^  195  of  Vince's  Astronomy,  in  which  the  terrestrial 
refraction  is  noticed.  This  circumstance  was  neglected  by  Robertson 
Moore,  and  others,  and  of  conrse  their  tables  are  erroneous.  The  rule  given 
by  Mr.  Vince,  expressed  in  logarithms,  is  this  ■ 

0.12l56-|-half  log.  of  height  in  feet  —  log,  of  dist,  in  statute  miles. 
In    reducing  the    rule    to   logarithms,    the   radius  of  the  earth   was  called 
2091 I7U0  feet,  which  agrees  nearly  with  the  mean  value  given  in  De  La 
Lande's  Astronomy. 

Table  XI.  is  a  common  table  of  proportional  parts,  the  construction  of 
which  does  not  need  any  explanation. 

Table  XII.  contains  the  refraction  of  the  heavenly  bodies,  calculated  by 
Dr.  Bradley's  rule,  supposing  the  refraction  to  be  as  the  tangent  of  the  apparent 
zenith  distance  of  the  object,  decreased  by  three  times  the  refraction,  the 
horizontal  refraction  being  supposed  equal  to  33'.  The  rule,  expressed  in 
logarithms,  is  this : 

Log.  tang.  (app.  zen.  dist. — 3.  refraction) — 9.243S;VI4^log.  of  ref.  in  sec. 
The   numbers  calculated  by  this  rule  agree    nearly  with  those  published  in 
Table  I  of  Maskelyne'a  Requisite  Tables. 

Table  XIll.  contains  the  dip  of  the  horizon  for  various  heights,  calculated 
by  the  rule  in  ^  197  of  Vince's  Astronomy,  in  which  the  terrestrial  refraction 
is  allowed  for.  All  the  numbers  of  this  table  differ  a  tittle  from  those  published 
by  Dr.  Maskelyne,  who  had  made  a  different  allowance  for  that  refraction. 
The  rule  given  by  Mr.  Vince,  expressed  in  logarithms,  is, 

1.7712711  -f- half  the  log.  of  the  height  in  Teething,  dip  in  seconds. 

Table  XIV.  contains  the  sun's  narallax  In  altitude,  calculated  by  tnuhiplying 
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the  natural  fine  or  the  apparent  zenith  distance  b;  the  suns  horizontal  parallax 
Bi{".    The  nutiibera  in  thia  table  agree  with  those  publiehed  by  Dr.  H askelTBO. 

Table  XV.  contains  the 

Augmentation  of  the  rooon'B  semi-diameter  =  1 5".626  X  siae  J}'b  altitude. 
This  table  agrees  nearly  with  that  published  bj  Msslcelyue. 

Table  XVl.  contaitw  the  dip  for  various  distances  and  heights,  calculated  bf 
this  rule, 

D:=yd  +  0.50514x^. 

in  which  D  represents  the  dip  in  miles  or  minutes,  d  the  distance  of  the  land 
in  sea  miles,  and  h  the  height  of  the  eye  of  the  observer  in  feet 

Tables  XVII.,  XVIIl.,  and  XIX.,  were  first  calculated  by  the  author  of  this 
work,  and  published  in  the  Appendix  to  the  first  edition.  The  correction  in 
the  first  of  these  tables  is  equal  to  the  difference  between  the  star's  refraction 
and  (W.  The  correction  of  Table  XVIir  is  equal  to  the  diflT^^nce  between 
60  and  the  correction  of  the  sun's  altitude  for  parallax  and  refraction.  Thn 
correction  of  Table  XIX.  is  bqual  to  the  difference  between  SO"  42"  and  the 
correction  of  the  moon's  altitude  for  parallax  and  refraction.  The  logarithms 
in  each  of  these  tables  may  be  found  by  adding  together  the  constant  log. 
9.6090,  the  log.  cosine  of  the  apparent  altitude  of  the  object,  the  proportional 
logarithm  of  the  correction  of  the  altitude  of  the  object  for  parallax  and 
refraction,  and  rejecting  SO  from  the  index.  The  methods  of  performing  theM 
calculations  are  so  obvious,  that  it  is  unnecessary  to  enter  into  iny  further 
explanation.  Most  of  the  numbers  in  these  tables  were  calculated  thre« 
different  tiroes. 

Table  XX.  Corrections  in  seconds,  additive.  This  was  compnted  hj 
means  of  Shephard's  inhles. 

Table  XXI.,  for  nituing  lime  into  degrees,  is  the  same  as  in  other  works  of 
this  kind. 

Table  XXII.  contains  the  proportional  logarithms  for  three  houra.  The 
numbers  of  this  table  may  be  found  by  subtracting  the  logarithm  of  the  time  in 
seconds  from  the  log.  of  10600",  or,  which  is  the  same  thing,  by  die  fbllowinn 
rule: 

Prop.  log.  T  =  4.0334738  —  log.  of  T  in  seconds, 

neglecting  the  three  rightphand  figures  of  the  remainder. 

Table  XXIIl.  was  first  constructed  by  Mr.  Douwes  of  Amsterdam,  about  the 
year  1740,  for  which  be  received  ;C50  of  the  commissionera  of  longitude  in 
England.  This  table  was  published  in  the  first  and  second  editions  of  iba 
Requisite  Tables ;  in  the  former  of  which  it  was  carried  as  far  as  6  hours ;  ip 
the  latter,  the  table  of  log.  rising  was  extended  to  0  hours ;  in  the  present 
edition  of  this  work  it  is  extended  to  12  hours.    The  numbers  in  this  table  are 


usily  deduced  from  ihe  log.  sineR,  log.  cosecants,  ind  log.  versed  sines  of  tho 
boJT  10  whicli  they  correspond.  Thus  if  the  time,  opposite  to  any  number  m 
these  tables,  turned  into  degrees,  is  H,  we  shall  have 

Log.  i  elqued  time  of  H  =  log.  cosecant  M  —  lO.OUOOOOU. 

Log.  middle  time  ^  log.  sine  H  — 4.ii9!J9700. 

,  .  .       „  (  =  log.  versed  sine  H  —5.0000000. 

Log.  rising  H  J  ^^  ^  ,^^  ^.^^  ^  H -  I4.6»89700. 

By  means  of  these  formulas,  the  numbers  of  Table  XXIIL  were  calculated  by 
Sherwin'a,  Button's,  and  Taylor's  logarithms,  and  above  a  thousand  errors 
were  discovered  in  the  second  edition  of  the  Requisite  Tables,  most  of  which 
were  in  the  additional  three  hours  (from  six  to  nine  hours)  not  published  in 
the  first  edition.  About  two  thirds  of  these  additional  numbers  diHer  from 
their  true  values  by  one  or  two  units. 

Table  XXiV.  was  compared  with  Sherwin's  and  Button's  tables,  and  a  few 
srrors  corrected. 

Table  XXV.  contains  (he  log.  sines,  log.  tangents,  dt-c  correspondinf  ic 
points  and  quarter  points  of  the  compass.  This  was  compared  with  Sherwin's, 
Button's,  and  Taylor's  logarithms.  • 

TaUe  XXVI.,  containing  the  common  logarithms  of  numbers,  was  compared 
with  Sherwin's,  Button's,  and  Taylor's  logarithms. 

Table  XXVIL  contains  the  common  log.  sines,  tangents,  secants,  &c.  I'his 
was  compared  with  Sherwin's,  Hutton's,  and  Taylor's  tables.  Two  additional 
columns  are  given  in  this  table,  which  are  very  convenient  in  finding  the  time 
from  an  altitude  of  the  sun ;  also,  three  columns  of  proportional  parte  for 
seconds  of  space;  and  a  small  table  at  the  bottom  of  each  page,  for  finding  the 
proportional  parts  for  seconds  of  time.  The  degrees  are  marked  to  ISO", 
which  saves  the  trouble  of  subtracting  ttK  given  angle  from  I8U°  when  h 
exceeds  90°. 

Table  XXVIIL  was  calculated  by  proporlioning  the  daily  variation  of  the 
ume  of  the  moon's  passing  the  meridian. 

Table  XXIX.  contains  the  correction  of  the  moon's  altitude  for  parallax 
and  refraction,  corresponding  to  the  paraJlax  57'  :tll". 

Tables  XXX.  and  XXXL  are  tables  of  projmrlional  parts,  taken  fi'om  the 
Keqnisite  Tables,  with  a  few  corrections. 

Table  XXXII.  contains  the  variation  of  the  altitude  of  any  heavenly  bodv, 
far  one  minute  of  time  from  noon,  for  various  degrees  of  latitude  and  declina 
tion.  The  following  method  was  used  in  constructing  the  table:  A  and  B 
were  calculated  for  each  degree  of  declination  by  these  formulas ; 

Log.  A  — log.  l".9&U9  +  2  log.  cos.  declination  —  20.00000, 
Log.  B  =  log.  A  -|-  log.  tang,  declination  —  1 0.OOnDO; 
mmI  then  the  correction  of  the  table  corresptniding  to  ibe  zenith  distance 


Z  {  =  lat.^dec.)  was  rouml  bj  this  formula:  A  X  <Mmg.Z±.B.  To 
facilitate  the  computation  of  these  numl>er9,  a  table  of  the  products  of  A  Ity 
ihe  whole  numbers  from  I  to  9  was  calculated. 

Table  XXXIII.  contains  the  squares  of  the  minutes  and  parts  of  a  mmute 
(if  time  corresponding  to  ever;  second  from  0"  to  1S~  59*.  This  require* 
no  explanation. 

Table  XXXIV.  contains  the  error  of  an  observed  angle  arising  from  ■ 
deviiitinu  of  1'  in  the  pnrallelism  of  the  surfaces  of  the  central  mirror,  those 
Burfnces  lieing  supposed  to  be  perpendicular  lo  the  plane  of  the  instrument 
The  correction  in  the  fifth  column  of  this  table  corresponding  to  any  angle  A 
in  the  first  column,  may  be  found  nearly  by  Button's  logarithms,  as  follows : 
To  the  constant  logarithm  0.07345  add  the  log.  secant  of  j  A;  find  this  in  the 
column  of  log.  tangents,  and  take  out  the  corresponding  natural  secant  B  ;  then 
the  conection  will  be  2'  (B —  1.55.)  The  numbers  in  the  second  column  are 
nearly  equal  to  those  in  the  fiflh  corresponding  to  the  angle  A  -|-S0°,  decreasea 
by  1".68.  The  numbers  in  the  third  column  are  equal  to  the  difference  be- 
tween 1".68,  and  the  numbers  in  the  fifth  corresponding  to  A  K)  20°.  The 
numbers  in  the  fourth  txilumn  are  equal  to  the  half-difference  of  the  numbers 
on  the  same  horizontal  line  in  columns  second  and  third,  when  it  exceeds  40°, 
otherwise  their  half-sum. 

Table  XXXV.  contains  the  correction  to  be  applied  to  an  observation  taken 
ID  a  direction  inclined  to  a  plane  of  the  instrument.  The  following  rule  was 
used  in  calculating  this  table :    Find  an  arc  A  such  that 

Log.  sine  A  ^  Ic^.  sine  j  observed  angle  -|-  log.  cosine  of  error  of  inclination. 
Then  the  difference  between  2  A  and  the  observed  angle  will  be  the  tabular 
correction. 

Table  XXXVI.  contains  the  variation  of  the  mean  refraction  (given  in 
Table  XII.)  for  various  temperatures  and  densities  of  the  air.  The  correction 
given  in  this  table  is  nearly  the  same  as  that  deduced  from  Dr.  Bradley's  rule, 
which  is  as  follows :  As  the  mean  height  of  the  barometer,  20.6  inches,  is  to 
the  true  height,  so  is  the  mean  refraction  to  the  corrected  refraction ;  and  aa 
)50.  increased  by  the  height  of  Fahrenheit's  thermometer,  is  to  400,  so  is  the 
sqrrecied  to  the  true  refraction. 

Table  XXXVII.  contains  the  latitudes  and  longitudes  of  the  fixed  siais  of 
the  1st,  9d,  and  3d  magnitudes.  The  nine  stars  from  which  the  distances  are 
marked  in  the  Nau^cal  Almanac,  are  given  from  the  table  published  in  tlv 
Nautical  Almanac  for  1820,  allowing  for  10  years'  annual  variation,  to  reduca 
them  to  1830.  The  rest  were  deduced  from  the  table  published  in  the  Kcond 
e<iition  of  Dr.  Mackaj's  treatise  ou  longitude,  supposing  tlw  annual  precession 
fU>".35,  and  the  secular  equation  as  in  his  table. 

Table  XXXVIIL  was  ralculated  by  this  rule:     Suppose  I   lo  be  tlie  lati- 


mde,  R.  be  reduction  or  latitude;  then  log.  coUng  {L  —  K)  =:■  0  0039001 -f 
log.  cotug.  L.  The  reducuon  of  parallax  correqwDdiag  to  53',  57',  and  61', 
was  foond  by  the  fbrmnlaa  reapectirelj, 

6".3  — 6".3  COS.  2Lj  5".7— 6".7  coa.2L;  6".l  — 6".l  coe.3L. 
Table  XXXIX.  waa  cdculated  bj  the  rule  in  VoL  I.,  page  334,  of  Vince'a 
Aatronoroj,  supposing  S  lo  be  the  plane  of  the  mm,  P  that  of  the  planet,  ana 
Tthdt  of  the  earth: 

AberraUon  =  — 30".  cob.  STP— 20"  [y/^  «».  SPT, 
making  use  of  the  distances,  6tc.  giren  fay  La  Place  in  Vol  m.  of  hia  M6ca> 
nique  C^leate,    A  small  alteration  waa  made  in  the  rule  in  calculating  tie 
aberration  of  Mercury. 
Table  XL.  waa  calculated  by— 17".9  aine  long.  Jf'a  node. 
Table  XLl.  was  calculated  by  —  30".  coa.  argumenL 
TaUeXLn.  PartL    =  — 1»".173  cos.arg. 
Part  n.  =0".e27  coa.  arg. 
Part  UI.=  — 3".g614  coa.  arg. 
TaUe  XUIL  Part  L    =— 8".33  coa.  arg. 
Part  U.  =— 1".33  cos.  arg. 
Part  m.  =  — 16".382  aine  arg. 
Table  XUV.  Part  I.    =  8".18«  sine  arg, 

900" 
Part  ni.=  960"  X  sine  ^'a  par.  in  lat.  X  lang.  J>'i  true  la^ 
— 960"  X  versed  sine  par.  in  lat 
If  we  suppose  the  sum  of  diese  three  parts  lo  be  S  seconds,  and  the  moon's 
borizootal  semi-diameter  lo  be  D  minutes, 

Part  IV.  corresponding  to  S  and  D,  will  be  S  X  <°  +  '°><P-^^- 

Table  XLV.  The  arguments  at  the  side  being  B  and  13—  B  hours,  and 
the  second   difference  at  the  top  A,  the  correction   of  this  table   will  be 

sea 

Table  XLVL  p*ee  the  variation  of  the  altitude  of  any  heavenly  body, 
arising  from  a  change  of  100  seconds  in  the  declination. 

Table  XLVII.  contains  the  proportional  logarithms  as  in  Table  XXII., 
increasing  the  argument  at  the  bottom  of  the  table  by  6",  and  inverting  the 
order  of  the  numbers. 

Table  XLVIII.  contains  the  third  correctitm  of  a  lunar  obeeivation  in 
Lyons's  improTed  method.  These  numbers  may  be  easily  competed  from 
Shephard's  tables,  using  the  moon's  parallax  57'  30",  which  is  nearly  its 
mean  value. 

r.-,:uJi..vCc>Ot^lc 


t  rEETAUE. 

TK>]e  XUX.  For  csmputing  tbepu-dlu  in  altitude  of  ■  planet,  supporiig 
lla  horizoatol  parallu  to  be  35". 

Table  L.  Proportioaal  parts,  toredaoethemimbCTatJTablflXLIX.  to  the 
values  correBpondiRg  to  the  actual  horizontal  parallax  of  a  plantt. 

Table  LL    To  change  mean  aolar  time  into  lideral  time 

Table  LII      To  change  nderal  time  into  mean  solar  tmio. 

Table  LIII.  Variation  of  the  compass  in  different  parti  o(  the  world, 
deduced  from  Barlow's  chart. 

Table  LIV.  contains  the  latitudes  and  longitudes  of  the  most  remarkable 
ports,  harbors,  &.c.  in  the  world,  ham  the  latest  and  best  anlborities. 

Table  LV.  contains  tiie  times  of  high  water  on  the  full  and  change  of 
(he  moon,  with  the  vertical  rise  of  the  tide,  at  man;  ports,  harbors,  &-c.  in  the 
world.  This  table,  (like  the  preceding,)  depending  wholly  on  obBerv&tioDB,  is 
therefore  liable  to  be  erroneous,  though  great  pains  have  been  taken  to  make 
it  as  correct  as  possible,  using  for  this  purpose  the  obserTations  collected  bjr 
Dr.  Whewell. 

Table  LVI.  Eztracts  from  the  Nautical  Almanac  for  the  year  1836,  COf 
responding  to  the  examples  which  are  given  in  this  work. 

The  tables  have  all  been  newly  cast  from  a  clear  and  beautiful  type,  and 
above  ninety  pages  have  been  added  to  the  collection.  Various  improvements 
have  been  made  in  the  body  of  the  work,  which  ia  now  for  the  first  time 
completely  stereotyped.  Among  the  additions  made  to  die  work,  may  be 
mentioned  the  description  of  a  portable  transit  instrument,  with  its  uses  in 
regulating  a  chronometer,  and  in  finding  the  longitude  by  observations  of  (be 
moon's  transits  over  the  meridian  of  the  place  of  observation;  me(hods  for 
making  allowance  for  any  observed  change  in  the  rate  of  a  chronometer ;  new 
methods  and  improvements  in  the  computation  of  lunar  observations,  &.& 

In  preparing  this  edition,  I  have  been  very  much  assisted  by  my  son, 
J.  Insbrsoll  BowniTCH,  who  computed  most  of  the  new  tables,  and  care- 
fully examined  (hose  which  were  taken  from  other  works.  By  associating 
him  with  me,  many  imi»ovementa  have  been  made  which  otherwise  would 
not  have  been  introduced. 

N.  BOWDITCB  . 

£<Mka,  Octokr  1,  1837. 


izedbyGoOglC 


CONTENTS. 


■heat  and  abbrcTii^ioiu  naed  in  thk  work xx 

Dtcinul  witJimetie I 

Qeametrj 4 

Demonattatioa  of  the  niaat  uaeiiil  propoaitiona  of  geometry 7 

DemonMiatiOD  of  theannu  in  plane  trigonometiy 13 

Oconwthcd  probtenu 1& 

C<HiitnicliDn  of  the  plena  acale 10 

Dncriplion  of  Oontet'i  moMln ■•  SO 

Deachption  tod  uae  of  the  iliding  mle • 33 

DMcription  and  use  of  the  eector 06 

Tofind  the  logarithm  of  u;  number,  and  tteiXMitruy 38 

MuMplicatiDQ  by  logariLbnu 30 

Division  by  togarithnu 31 

btrolution  by  logarilhnu 31 

EToIntioQ  by  logarithmi 33 

IIk  mle  of  three  by  logarithm* 33 

To  calcnlate  compoond  inlereat  by  logarithm! 33 

ToGnd  the  log.aine,  tangent,  Jt«.  correiponding  to  any  number  of  degrees  sod  minutei  33 

To  find  the  degrees,  minutei,  and  aecondi,  eorreaponding  to  any  log.  aine,  eoune,  dui.  35 

To  find  the  arithmetical  complement  of  any  logarithm 36 

Plane  trigonometry 36 

Table  of  aolutions  of  the  Tarioiu  caaea  of  trigonometry 37 

Right-angled  plane  trigonometry 38 

Quealiona  to  eierciae  the  learner  in  right-angled  plane  trigonoiiietry 41 

Oblique  trigonometry 41 

A  abort  introduction  to  aitronomy  and  geogr^hy 45 

Eiplanationa  of  the  Cemu  uied  in  aatronomy  and  geography 4? 

Elxample*  in  geography 01 

Plane  aailing G3 

A  table  of  the  anglea  which  every  point  of  the  compoaa  makea  with  the  meridian 63 

A  table  of  aolutiona  of  the  several  caaea  of  plane  aailing..... 53 

Queadona  to  eierciae  the  learner  in  plane  lailiog 66 

Tiaverae  aailing 59 

Parallel  aailing 63 

Theorem!  for  aolving  the  aeveral  oaaea  of  parallel  aailing 63 

A  table  showing  bow  many  milea  of  meridian  diatanoe  eorreapond  In  a  degree  ol'  longi 

(ode  at  every  degree  of  latitude 64 

Qaeationa  toeierciie  the  learner  in  parallel  niling B^ 

:4iddle  latitude  aailing ^ 66 

Theorema  in  middle  lititade  aailing , 67 

lableofiotulioniofthe  aeveral  caoea  of  middle  latitude  aailing ,  68 

Table  lo  conect  the  middle  latitude 76 

Qoeationa  to  eierciae  the  learner  in  nuddle  latitude  aailinn 77 

Hercator'a  aailing 79 

Ts  And  the  meridional  parts  corresnonding  to  any  degree  and  minute. 78 


«::  OONTEiTTS. 

Ttble  of  •olutiuTU  ortbe  twioiu  cmae*  of  Hercalor'a  niling , 79 

To  work  B  compound  comae  by  middle  Utitade  Or  Henntor'i  njling M 

Coiutmction  uid  uie  of  Mercator'i  chart 87 

Problems  lueful  ia  navigation  and  aiureying 89 

To  find  the  diSbrenoe  betweea  the  true  and  apparent  diiecUou  of  the  wind 07 

To  determine  the  height  of  a  mountain  bj  barometeim 97 

MeniuratioD , 9it 

Gauging ICEI 

Burrejring 106 

Tofind  theoonlentiofafieldbytbe  talileofdiSferenMofhtitDdeanddepanun 107 

To  lurvey  a  coast  in  aailing  along  ihoce 109 

To  aurvHy  a  harbor  by  Dbaerrationi  on  ahore , Ill 

Melhodt  ofiarveying  a  imall  bank  or  ihoal  where  great  accuracy  ia  required 113 

To  reduce  soundingi,  token  at  any  time  of  the  tide,  to  low  water 113 

To  reduce  a  diaugfat  to  a  amallci  icale 115 

Of  wind 117 

DireotioDB  for  aailing  from  AmerioiPto  India ,  118 

Tide ISO 

Tolind  thedmeofhigh  w&ter  by  a  Naatical  Almanac 131 

ToGnd  the  time  of  high  water  by  the  tsblei  C  and  D 193 

TableafoToalcnlatingtfae  time  of  high  water 1X3 

Correato 134 

GulfiliBun 134 

Of  the  log-line  and  balf-miDuts  glaM IS6,  131 

Description  and  UH  of  a  quadrant  of  reflection 138 

To  adjuit  a  quadrant 1X1 

To  take  an  altitude  by  a  fore  obeerration 130 

To  take  the  iun'a  attitade  by  aback  obeerration 131 

Advice  to  fearoan  in  the  cbcuce  of  a  quadnutt 131 

Deieription  and  use  of  a  •extant  of  raflectjoa 133 

Toadjuta  wxtwit 134 

To  uieaiure  (he  angolai  diiUuiee  of  the  lun  from  the  moon ■ 135 

To  measure  the  angutar  diatanee  of  the  moon  fh>m  a  alai 136 

Verification  of  the  mirrora  and  colored  glmea 136 

Dcacription  and  uaeaof  the  cirele  of  reSeclion 137 

Adjuatmenti  of  a  oirole  of  reflection 138 

To  observe  the  meridian  altitude  of  on  object  by  a  circle 140 

To  Dteiaure  the  angular  diaianee  of  the  sun  fhun  the  moon  by  aeitclo 141 

To  measure  the  angular  distance  of  the  moou  ftom  a  itar  by  a  eircie 143 

Vorification  of  the  mirron  and  colored  glaasea 143 

Ueicription  and  use  of  a  portable  transit  instrument 14fi 

Adjustments  of  a  transit  instrument 146 

Toi^Merve  tlic  tnuuit  of  any  heavenly  body  over  the  meridian ISO 

Tables  for  conecting  the  adjuatments  of  a  trannt  Instnuoent 151 

Od  parallu,  re&action,  and  dip  of  the  horiun 153 

To  find  the  distance  of  the  land  in  order  to  caleulale  the  dip 155 

To  find  the  sun's  declination ....,,.. 156 

Variation  of  theeompaa* 1fi0 

To  observe  an  amplitude  or  aiimath  by  a  COinpM* 168 

-fo  calculate  the  true  amplitude lU) 

To  calculate  the  true  anmnth IGO 

Questions  to  eierdse  the  learner  in  calculating  an  aaimuth ISO 

Having  the  tme  and  magnetic  amplitude  or  aiimuth,  to  flnd  the  Tuiatioii 161 

1  o  catcuUt«  the  variation  by  aiimuths,  obeerred  at  equal  altitude*,  befiMe  and  after 

pasdng  the  meridian 161 

Variation  obaerved 163 

On  the  dipoTthe  magnetic  needle ]GI 

To  find  the  latitude  by  a  meridian  altilnda  of  the  aon  or  a  fixod  stai 106 

To  find  the  time  of  the  moon's  pasung  the  meridian 170 

To  bnd  the  moon's  declination , 170 


COMTENTB  AU. 

To  find  the  laUlDiIe  bj  tlw  moon'i  meridian  iltitnde 171 

Tafind  theUtitndeby  themeridiuidtitadeorapluiet 174 

fof  Ibe  lun 170 
rf.flM IM 

(oft  pluiet 177 
of  the  moon 17" 
of  two  ditfereat  objects,  ukeo  within  a  few 
tninulea  of  each  other,  bj  on«  obterrer  ....  l?d 
of  two  diSetent  objecta,  taken  at  different  tiniea  ITB 

To  eitimate  the  eSeeti  of  aniall  erron  in  the  obaerTatiop* 17i) 

Ttm  method  of  calculating  doable  altjtadei ■ 180 

Second  method ltJ5 

Third  method 189 

Queationa  to  ezerdae  the  learner  in  working  double  alliludei 193 

fourth  method,  when  the  dedinaUons  are  dtfiferent 193 

Fifth  method,  to  find  the  latitude  from  altitude!  and  dlalancea  uaed  in  taking  a  lunar 

obeerralion 197 

To  find  the  latitude  bj  one  altitude  of  the  ion,  hating  jour  watch  previonilj  reflated  SOU 
To  find  the  latitude  bj  the  mean  of  aeveral  altitudes  tf  the  «in,  takeo  neu  oonn  by  a 

aettant  or  oirele SW 

ToGnd  the  laUlude  on  ahore  bj  means  of  an  artificial  horiion 204 

To  find  the  Iniitode  bj  the  polar  Rai 3(Mt 

To  find  the  time  atwa,and  regulate  a  watch 90B 

Biamplea  to  eiercjaa  the  learner  In  finding  the  mean  tUue SIO 

Second  method  offinding  the  mean  time  at  aea SIR 

Third  method  of  finding  the  mean  bme  at  aea 211 

To  find  the  lime  at  act  b;  the  moon's  altitude 813 

To  find  the  time  at  sea  bj  a  planet's  altitude 31-^ 

To  find  the  apparent  time  by  an  altitude  of  a  fixed  star 917 

To  regulate  a  Ehrononieter  bj  equal  altitudes  of  Um  iuu 319 

To  regulate  a  chronometer  l^  means  of  a  transit  instruraent 331 

To  find  the  longitude  at  aea  by  lunar  obserratious 3S5 

Method  of  finding  tha  stars  used  in  lunar  obserration* SSR 

General  remarks  on  the  talung  of  a  lunar  obeerTatiolt 8!8 

To  work  a  lunar  obserranon 939 

£iBmplea  of  lunar  obeervaiions 333 

Second  method  of  working  a  lunar  observation 339 

Third  method  of  working  a  lunar  obserration 343 

Fourth  method,  or  Witchell's  improved  method  of  finding  the  true  distance 343 

TUle  of  correctionifor  aecond  differencea 245 

Method  of  taking  a  lunar  observation  when  you  have  only  one  observer iUK 

To  calculate  the  gun's  altitude  at  any  time JU7 

To  calculate  the  moon's  altitude 34? 

To  calculate  a  planet's  altitude 249 

To  calculate  a  star's  altitude 95V 

Method  of  oombining  several  lunar  obaervations,  and  delennining  the  emu  of  the  efafo. 

nometer _ „ 351 

To  find  the  longitude  by  the  eclipees  of  Jupiler'a  satellitea. 353 

IVi  find  the  Im^tude  by  an  eclipee  of  the  moon 353 

To  find  the  longitude  by  a  time^keeper  tv  chrDnomater~....»i..- 35! 

4a  do  do  do 389 

ToaSowfer  the  ihange  of  rate  in  a  chronometer ^ _.  jjsi 

PreeantionB  hi  osiag  a  chronometer ......„....„....,„.. ^ 359 

l>n  a  variation  chart..' _ 25S 

Method  of  keeping  a  reckomng  at  sea .,,..... _ ^ 350 

To  find  the  leeway,  and  allow  tor  it. „ „ „ 281 

To  correct  the  dead  reckoning. „....., .„ 363 

9  for  workii^  a  day's  wo^.. 

rk. 

.  310 


ARRANGEMENT   OF    THE   TABLES. 

1  Difierenoe  or  Utitade  and  deputnn  fbr  points 1 

II  Difference  for  degieea 17 

III  Meridiond  parti 6!! 

IV.  Siui'i  dealinatkni ; 68 

IV.  A.  Eqaation  oTdma 08 

V.  For  reducing  the  ann'i  declination 73 

VI.  Sun'i  right  awsennon 77 

VI.  A.  Correctian  for  the  daily  Tstiatlon  of  the  equation  oftiniB 77 

VII.  Ami^tudei 78 

VIII.  RifbtarcenaioDa  and  dedinalioni  of  the  fixed  itai* 80 

IX.  Sun'i  tinnf  and  letting 64 

X.  For  finding  the  distance  of  teTreatrial  ol^eeti  «t  aeft 81 

X.  A.  Panllazindt)tDdaof#p1aiiet 8E 

XI.  Proportional  putt... 87 

XII.  RefVaction  ofthe  beaTenly  bodiea 88 

(III.  Dip  of  the  horiion 88 

XIV.  8un'ap«Jluin  altitnde 38 

XV.  Augmentation  of  the  moon'iiemi-diameter 88 

XVt.  Dip  for  difierent  Iteigbu  and  distoncea d6 

CVII.  To  find  the  coneotion  and  logaiithin  of  a  lunar  obanration  when  s  itar 

or  either  of  the  planela  Venna,  Man,  Jnpitar  or  Bttum  ia  obaemd SO 

VIII.  To  find   the  correctioD  and  logarithm  of  a  lunar  tdMerratioD  irhen  the 

■uniiuied 97 

XIX.  To  find  the  correotion  and  logarithm  of  a  tnnar  obaervalion  depending  on 

the  moon'i  altitude 98 

XX.  For  finding  the  third  correction  of  a  InnirotMCrvatioti 130 

XXI.  For  turning  degree*  and  minutea  into  time,  and  the  eoatiarf 131 

XXII.  ProportioDal  Ic^^thma 139 

XXIII.  For  finding  the  ialitode  by  two  altitudea  of  die  ion 148 

XXIV.  Natural  wnei  and  eomnei 160 

XXV.  Log.  lines,  tongeota,  &o.  tn  points  and  quarter  ptnnta 169 

XXVI.  LogariUimaofnuraben 169 

XXVll.  Idgirilhmic  ain^.  tuigenta,  and  aeeinti 186 

KXVIII.  To  find  the  time  of  the  moon 'a  passing  the  meridian 330 

XXIX  ConeeUoD  of  the  moon 'a  altitude  fi>r  parallax  and  reftaslion 230 

XXX.  To  Rnd  the  rariation  M  the  moon's  dedmauon,  k& Syi 

XXXI.  To  find  the  sun's  right  SMennan 237 

XXXIl.  Variation  of  the  lun's  altitude  in  one  minute  &om  noon 239 

XXXIII.  To  rednce  the  numbers  of  Table  XXXII.  to  other  given  interrals  from 

noon 943 

XXXIV.  Erron  ariiing  fVom  a  deviation  of  one  minute  in  the  paralleliam  of  the 

BUifacea  of  the  central  mirrcT    344 

XXXV.  Erron  ariidng  from  a  deviation  of  the  teleioope  fVom  a  plane  parallel  to  the 

plane  of  the  inatmment 244 

XXXVI.  Corre<  ion  of  the  mean  refractian  for  Tarioos  heights  of  the  thermometer 

and  barometer 344 

XXXVII.  Longitudes  and  lalitDdei  oT  the  fixed  itois 345 

XXXVIII.  Reduction!  of  latitude  and  iioriiontal  parallax ....' 346 

XXXIX.  AbeiTBbon  of  the  planet!  in  longitude 946 

XL.  Equation  of  the  equinoxes  in  longitude 946 

XLL  Aberration  of  the  fixed  atan  in  laLtade  and  longitude 346 

XLIl.  Aberration  ofthe  fixed  stara  in  right  ascension  and  declination 347 

X  LIIl  Nutation  in  right  ascension  and  declination 348 

XLIV  Augmentation  of  the  moon's  nmi-diameter,  found  by  tlie  nonagenmal ...  349 

XLV  liqiution  oTswMid  diflbrenow SM 


«>HTKNT8.  a 

Tibl&  Ttft. 

XLVI.  Table,  ahowing  the  Tuistino  of  llie  altilnde  of  ut  object  truing  IKim  & 

dumge  of  100  aeoonds  in  ill  declinatioit i'll 

XLVn.     Lo^tbmain  L^oni'i  improved  methad SOS 

^LVIII.     Thiid  coirecIioD  in  Iijona'm  improred  metliad 375 

XLIX.    Correction  for  a  planet  wboM  horiioDtal  panllaz  ia  35" 3S6 

L.    Reduction  to  auf  other  panllaz ,...,.......<.... 339 

LI.    To  change  aolar  time  into  aideral  time 339 

LII.    To  change  sideral  time  into  aolar  time 33£ 

LIII.    VsriatioD  of  the  oompaaa,  bj  Barkiw 330 

LIV.     Latitodea  uid  loDgitudei 3^ 

LV.    Tldetable 370 

LVI.    Eitncta  from  the  Nautical  Almane 383 

CiTiLoenm  or  THB  Tablzi,  with  ezanqilBa  of  the  luea  of  thnaa  not  explained  in  other 
parUofthe  woA 3tA 

APPENDIX. 

Addition  and  rabtraotion,  oaing  the  ngni  a>  in  algebra 3% 

Pnritlem  1.    To  find  the  lougitnde,  latitDde,  &e.  of  the  moon 39(t 

Probleni  11.    To  Snd  the  horarj  motion  of  the  moon 398 

Problem  111.    To  find  the  ecliptio  conjunction  or  oppodtion  of  the  moon  and  ran,  or 

a. tar 400 

Problem  IV.     To  find  the  altitode  and  longitude  of  the  nonageaimal 40S 

Tabic  to  facilitate  the  calonlatiDn , 403 

Abridged  rule  for  calculating  the  altitude  and  longitude  of  the  nonageumal  ..........  403 

Problem  V.    To  calculate  the  moon'i  parallax  in  latitude  and  longitude 404 

Problem  VI.    To  ealenlate  the  bmgitnde  of  a  place  ttom  the  obaeried  beginning  and 

end  of  a  aolar  eclipse  ■ 407 

Problem  Vll.    To  calculate  the  longitude  of  a  place  from  the  cbaerved  bepnning  and 


Problem  Vtll.    To  find  the  longitude  of  a  place  from  the  beginning  or  end  of  a  tolar 

eclipM 4 

Problem  IX.    To  find  the  longitude  of  a  place  &om  the  beginning  or  end  of  an 


Problem  X.    To  project  an  eelipaa  of  the  moon 415 

ProblemXl.    To  alcn^aia  an  eclipae  of  the  ann    417 

Problem  XII.    To  project  an  occultatioD  of  a  fixed  atar 421 

Problem  XIII.    To  calculate  the  beginning  or  end  of  an  eclipae  or  occultation. : 425 

Probleni  XIV.    To  find   the  apparent  time  at  OreeDwich  fi^m  the  moon'i  longi- 
tude    4a(i 

Problem  XV.    To  find  the  lonptude  of  a  place  bj  meararing  the  diatancc  of  the  moon 

&nm  a  fixed  atar  not  marked  in  the  Nautical  Alnuuwi: 42^ 

Problem  XVI.    To  find  the  longitude  of  a  place  by  the  iiiDaa'i  panage  over  the 


Paoblem  XVII.    Given  the  latitude  of  the  moon,  and  longitude  of  the  moon  and  aun, 

ta  find  their  angular  distance 433 

Problem  XVIII.    Giren  the  longitudes  and  latitudes  of  the  moon  and  a  star,  to  find 

their  angular  diatanoe 434 

Problem  XIX.    Given  ^>e  right  aseenoon  and  declination,  to  find  the  longitude  and 

latitude 435 

Problem  XX.    Given  the  longitude  and  latitude,  to  find  tlie  tight  aoeennon  and 

decliaalkm 43B 

Spheric  trigonometrj. 43(t 

ImproTement  of  Napier'a  tnles  for  tbe  «iniilar  parti 436 

Theorems  in  spherics 439 

Sedfiald>s  tbecrj  of  storma,  &« 447 

ProUam  XXI.    To  find  tlM  Unifitade  of  a  place  ftom  the  bc^innmg  or  end  of  a  solar 

eelipaB. 4« 

PraUem  XXIL    To  find  the  longitude  of  a  place  ftom  tiw  beginning  ai  end  of  an  ooouL 


INDEX  TO  TABLE  LIV. 

LATITUDES  AND  LONGITUDES. 


r»e 

ASIA: 

R«dSe> 

AratHan  cout 

MM 

AFRICA,  North  eout 

....   861 

8aa 

867 

East  coast 

....  8De 

. Red  Sea ; 

'^ 

AW3RS.  coeatof 

....  S62 

AUERICA— £<u«m  <«xu(. 

P^ - 

Malay 

869 

SSO 

HudBDD'8    uid    Davit's   Bay 

Mid 

....  US 

...  Mi 

Straita 

. Labrador 

880 

QulfofatLawwoM 

Canada 

. Nova  Scotia 

....  841 
...    B4B 

....  841 
...  882 

....  88e 
...  881 
....  387 
....  887 
....  887 

....  887 
....  887 
....  887 
....  887 
....  888 
....  8SB 
....  888 

....   S8d 

....  889 

....  8S» 

....  840 
...   840 

with  adjaoeot  ialaiKk 870 

AZOF.BBaof.   ...                                          KM 

United  SUMi 

Mexioa 

HonduTM ^. 

Mosquituea 

BAWDA  SEA 

S1< 

Panama 

BENGAL,  coaatof. 

868 

Marmajbo 

Camca. 

Oumanft 

Suriuam 

BORNEO— laland 

BOTHNIA 

8U8 

848 

Bnuil 

RiretPUt. 

P»f*-^ 

Tern  del  Ftte^ 

AUGRICA-n'Munianut 

Patagwu. 

Chili 

CALIFORNIA,  eoartof 

CANARY  I8LA1JD8 

.  841,  461 
864 

CAPE  VERDE  ISLANDS 

CARACAS,  ooa-t  of. 

CARIBBEAN  SEA 

CAROLINE  ISLANDS 

8M 

837 

888 

^ Meiico 

California 

On^gon  

...   841 
...  841 
...  841 
.     841 
8eG 

CERAM— Island 

CETLON— Inland 

8'(0 

869 

Easten  coast 

ARABIA,  ooart  of 

ASOEHSIOH-UUod 

...  867 

...  tu 

Southeutpart 

OOCHIS  OHIHA,  ooMtoT. 

sse 

869 

INDEX  TO  TABLE  LIV. 


™" 

South  cntot 

.  847 

COROMAJJDEL  COAST 

.^ MB 

CORSICA     kkDd 

H«9 

■81 

CTPRU3— Isknd 

Aua,  MiUTD  coMtfktan  Cutoa  . 

Baltio „ 

.  866 
.  870 

nARIEK  ™-,rf 

864 

sai 

Bwhee 

between  BataTU  and  Naw  Ouinei 

south  of  the  GeUbea 

betwaeo  Cape  Verde,  Cape  of  Ooo 

Hope,  wtd  Cape  H<Hii 

Bomeo,Cekbei,Luconla,witbtb« 

adjacent  aa  &jr  ewrt  aa  Be 
OuioM ^... 

.  809 

KKOLAHD.  South  eowt 

84S 

d 

.  868 

FEEJEE  GROUP 

FERRO  ISLANDS 

FRAKCE.c«tat(rf.., 

461 
t4B 

c™«y 

Caodia 

CapeBretoD 

Cape  Verde 

.  864 
858 
.  841 

WeMeout _.... 

849 

.  87* 

877 

876 
848 
847 

GALAPAGOS  BLANDS ^ 

SERMAWT,  ftdtk 

Chago.  Aretipelago 

Chian,  EaEtero  coast 

.  861 
.  870 

GOOD  HOPE,  C>i<e  irf 

OREECE.  WeitamcoM* 

sea 

8S0 

■         aK,p«t 

.  861 

■ Prp™ 

Dangeroua  Archipelago. 

166 

Falkland 

F«g~ 

Ffflto 

ftHodly 

GaUpago. 

Georgia 

-                 UuKta.... 

GULP  OF  PERSIA 

sas 

867 

461 
846 

Finland 

Gnina* 

848 
8G6 

876 
866 

Siam 

869 

Gulf  of  Venice 

836 

—  Tartwy — .. 

Tcoqum 

871 

860 
860 

Indian  Ocean,  between    Cape    of 

Good  Hope  udSainatra,Ac....  <flr 

Iceland I«) 

lileofWight 344 

_ 

aOHDDRAS,  ooMi -.... 

ICELAND 

•87 
848 

Italian"!!! "!!"""  "!"^. !!!!...!.!!.. 

jaT»&«.!!!.!r".! !!! 

SSS 
862 
871 

84« 

OT 

CSDEX  TO  TABLE  UV. 


ISLANDS,  Tunbelui SSI 

Tm»d«IFu«e« !W 

■'  Tunor  ^ *68 


-  Washiuj^toD  .. 

-  VeMem 

-  Weat  Lidu.... 

-  XuUaBess^i 


BLEOFMAM Ml 

ITALIAM  ISLAMDS... „ »■" 

ITALT 860 

rVIOA _ Ut 

JAPAN  ISLAKD8 ^ 871 

JAVA tut 

Sm,  ialuidi  m 861 

Straitaeutof  Jan 8flT 

JUTLAND,  cosatof. 847 

KTSOStilLL  QHOUP. 4U 

LABRADOR,  eoMtof 848 

I^CCADIVE  ARCHIPELAGO 862 

LAPLAND,  coutof S4S 

LOANGO,  coutof „ SS» 

LUCONU— lilwd „ 8BS 

MACASSAR  STRAira „ ses 

MADEIRA  BLAMDS SM 

MADAGASCAR— Idacd 861 

MAGDALEN  ISLANDS S4S 

MAHE  BANK 861 

MAJORCA— bland BBS 

MALABAR,  coutof. 86'! 

MALAY.  cosBtof ,..  ge« 

MALDIVIA  ARCHIPELAGO 861 

MARMORA,  sea  of 861 

MARANHAM,  ooast  of. 888 

MARAOATBO,  oositof J87 

MARQUESAS  ISLANDS 878 

MEDITERRANEAN  SEA : 

EMtCDMt 861 

South  OOML Ml 

Kortlicoaat 84V 


MEXICO,  Sooth  and  Eait  cc 

MINOROA— Island  

MINDANO— iBland 

MINDORO— bland  

MOLUCCAS— iBlanda 

HOREA,  ooaatof 

MOROOCO,  North  ooort 

WMteoMt ^ , 

MOSQUITOES,  «oartof 


NAPLES,  ooartof 

HATUNA8  ISLANDS 

NATJQATOR  ISLANDS... 


.  861t 


dtdex  to  TALLE  liv. 


VRW  CALEDONIA— Mnnd 

NEW  HEBRIDES— UUnd 

KEW  HOLLAND  

HEW  PBILLIPINE  ISLANDS 

XEW  SOUTH  SHETLAKD— laUnd 

VEW  aOUTH  WALES,  cotrtof. 

NEW  ZEALAND— IsUnd 

NICOBAR  ISLANDS 

NORTHWEST  COAST  OF  AUERIOA ... 
NORWAY.  Cattegal 

West  coast 

CJortli  totri 

NOVA  SCOTIA,  coast  at 

OREGON,  coast  of 

ORKNEY  ISLANDS 

PACIFIC  OCEAN.  N,  Islnnd*  in 878, 

PACIFIC  OCEAN.  3,  Itlaiids  in 816. 

PANAT— Island  

PANAMA,  EastoOBBt 

West  coaat 

tARACELS  ISLANDS 

PAUMOTU  GROUP 

PATAGONIA.  E  coast  ot 

W.  owstof 

PATERNOSTERS— IsLukU 

PEGU,  coBi.tof. 

TERU.  const  of 

I'ICO  ISLANDS 

PORTUGAL  coast  of 

PltATAS  SHOALS 

PBIHCE  F,DWARDS  ISLAND 

QUITO,  coast  ot , 

RADACK  ISIJ.NDS 

RALICK  ISLANDS 

RED  SEA,  coast  of 

RIVER  PLATA,  coast  of 

RUSSIA.  Black  Sea 

Baltic  Sea  and  Islands 

Oulfa  of  Finland  and  BothnU 

N.East«mcuMt 

SeaoTAwf. _ 

flACHALIN— Island _ 

SANDWICH  LAND 

SANDWICH  ISLANDS 876, 

SARDINIA— lalaod  

SCOTLAND,  East  coast 

N.  and  West  coasts 

eENEGAMBIA.  coartof 

SHETLAND  ISLANDS ^ 

eiAH,  eoMtof. -.... 


I   aiCILT—Iflland _  ...  36i 

1  SICILIAN  ISLANDS SflS 

•   SOCIETY  ISLANDS  BT 

I   SOLOMONS  ISLANDS 87a 

t    SOOLOO  SEA S6U,451 

>   SFAIN.  North  cowt S4S 

-  South  coast 819 

■  SPITZBEROEN— Island 848 

I   ST.  ANTHONY— Utand SM 

r   ST.  HELENA— faUnd SU 

i   STATEN  ISLAND 839 

i   SUMATRA B98 

rtof 8«8 

SURINAM,  coast  of 888 

[   SWEDEN,  Catt^[at  and  Sound 847 

-  Baltic 848 

TAMBELAN  ISLANDS SaS 

)   TAHTARY,  cnaetof 871 

)   TENERIFFE— Ward 864 

)   TERRA  DEL  PUEGO,  coast  of. 88S 

!   TIMOit-Ialand  868 

»   TORRES  STRAITS.  lalands  in 876 

i   TRIPOLI,  coartof S61 

)   TUNIS,  coast  of S61 

t   TURKEY 8B1 

-  Ailriatic  or  West  coast £60 

I    UNITED  STATES  OF  AMERICA: 

Eastwn  coast 889 

Weatam  coast 811 

VAN  DIEMAH«  LAND 87) 

WASHINGTON  ISLANDS 878 

I    WEST  INDIES: 

-  Bahama  Bank,  Great 886 

-  "  "      LiiUa BBS 

-  Bennuda  886 

-  Cajcoa  lalanda 886 

-  Cuba,  North  side 886 

-  Cuba,  South  side 884 

-  Janiaic* 884 

-  Paeaage  Islands 886 

-  Porto  Rico B34 

-  Salt  Kay 886 

-  St-Dotnitigo SM 

-  Vi^  Islands 884 

-  Windvard  lelsnds 888 

■  WESTERN  ISLANDS 864 

i   WHITESEA 84» 

i   XULLA 


845  ZEALAND— bland... 


izedbyGoOglC 


SIGNS    AND    ABBREVIATIONS 

USED   IN   THIS   WORK. 


-  tbe  tign  of  mttraaiitii,  and  denotes  that  the  number  fbllowing  it  mult  be  mbtnoted 
from  thoM  ^ing  berore  it;  thtki,  7  —  &  ligniSea  that  6  muit  be  labtncted  tVom  7 
The  sign  —  u  called  the  negeiiet  (ign. 

^  is  the  tiga  of  vadtipluatien,  »ad  ihawi  that  the  ntimben  pl&ced  belbre  ind  oAer  it 
■re  to  be  multiplied  togechei ;  thus,  7  X  ^  ngniiie*  7  multiplied  bv  9,  which  make*  63 ; 
■nit  7  X  S  X  itigaiSea  the  coDtinoed  product  of  7  by  8  uid  by  3,  which  mikes  119. 
Multiplication  i*  also  denoted  by  placing  ■  point  betiveen  the  qnuttities  to  be  multi- 
plied together ;  Ihut,  A  ■  B  slgni&i  that  A  is  to  be  multiplied  by  B. 

4>  is  the  sign  ofdadnoit,  and  signiGes  that  the  numbei  thU  stands  before  it  is  to  be  divided 
bv  the  number  following  it ;  ■■,  73  +  13  show*  that  72  is  to  be  divided  by  12 
Division  may  also  be  denoted  by  plscing  two  points  between  the  numbers;  thus, 
73  :  12  lepresents  7S  divided  by  13;  or  by  placing  the  numbers  thua,  — i  which 
signifies  72  divided  by  IS. 

0    or ■     Either  of  these  marks  is  used  for  ocnmeetiiig  nnmbets  together ',  thus, 

3  +  4  X  6,  or  (3  +  4)  X  6,  signiBes  that  the  snm  of  3  and  4  !■  to  be  multiplied  by  6 


and7+^x4  — 

-otKrrlum.  and  are  used  thus  :  7  :  _.  . .  _.  . ,  . 

},  >o  is  C  ta  D. 


signs  of  pnworlum,  and  are  used  thus  ;  7  :  14  : :  10  :  20,  that  is,  as  7  is 
20;  or,A;B;:C-  D,thati»,i      ■  ■    -    "         '    "  ■    " 


^   signilieB  degrta;  thus,  45°  represent*  45  degrres. 

ngniflei  -naaaet ;  thus,  24',  or  34  minQles. 
'    signiliea  itcondt;  thu*,  44",  or  44  seoonda. 

"'    signifiea  Ihirdt,  or  nilleth  parts  of  seconds ;  thus,  44'",  w  44  tliirds. 
In  noting  any  time,  d  is  the  mark  for  4ay$,  k  tot  kottrt,  m  for  >bbk(w,  Ac 
8.  signifies  line.    N.  S.  signiGes  natttr^  km. 
See.  signilieB  teatnl. 
Tan.  signiiies  timgaa. 
Cosioe,  Cotangent,  or  Cosecant  (^  an  uo,  ngnifies  the  mat,  tangent,  or  see 

CQinplement  of  that  are  respectively. 
^    signiGes  anglt. 
^    «gniAes  triangle,    ^n,  tHaagttt, 
Q    eigniGes  ■  (fitors. 

Qm  Q,  lk>  ran.  Q  or  > ,  tUs  noM.  •  a  $tar.  h.  L.  Imter  Umi.  U.  L.  a 
R.  L.  TutTot  Umh.  a,  D.  Mni-^antttr.  F.  L.  /rropatiimut  lagariikm.  N.  A 
ttmamet.    Z.  D.  uiulA  dutsiiea.     D.  R.  dtad  recioning. 


DIRECTIONS  FOR  THE  BINDEK. 

P)*la    I.  to  fTOOl  dH  thla^pagK  Plara  Vm.  toGront  pagelie. 

II.  Is  front  pa^    17.  IX.  In  Iroot  page  130. 

UI.  lo  front  page    4B.  X.  la  fVoni  page  116. 

IV.  to  lh»t  page    W.  XI.  lo  Aodt  p^«  144. 

V,  to  froai  page    H.  XII.  lo  troal  pi^  UB. 

VI.  to fioai  page    M.  XIII.  tofhni  pagelSS. 

VII.  loftDOtpage  HI  XIV. tofroDtpage4ei, Appendix. 


...  Coogle 


DECIMAL    ARITHMETIC. 


Maat  peraoni  who  have  acquired  conaidenblp  Bkill  in  common  ■ritlimetic  m 
nnaci)URinli;<l  with  the  method  of  rAlculnring  by  deriiimla,  which  is  it'  tireal  uae  in 
Nrivi([«tlon ;  for  whJL-h  reaaon  it  was  thought  pro)>er  to  prefix  the  following  brief 
Rxulnnaiioo. 

rVtuiiotu,  or  Vjiigin-  Fhielwu,  ore  exiirefleiona  for  any  asiignable  port  of  a  unit ; 
they  are  usually  denoted  liy  iwo  iiun))>era,  placed  tlie  one  ahnve  the  oUier,  with  a  line 
between  them;  thus  J  denotes  the  fraction  one  fourth,  or  one  pan  out  of  four  of  eoine 
whole  oiisntily,  coriBiilerwi  «a  diviaible  iiuo  four  equal  part*.  The  lower  nnnilwr,  4, 
ia  caUed  the  iknaminator  of  the  fraiMioD,  siiowiug  into  how  many  parta  the  ^hole  or 
integer  ia  divided  ;  and  [he  upper  number.  I,  in  trailed  the  numeraior,  and  shows  how 
many  of  thoae  equal  pens  are  contained  in  the  frnction.  And  it  ia  eviituiii  tlini  if  thn 
nuiT>eraior  and  denominslor  be  varied  in  the  same  ratio,  the  value  of  the  IraiMioii  vnW 
remain  unalterKd  ;  thus,  if  the  numerator  and  denoniinntor  of  the  fnictioii,  j,  be 
multiplied  hy  3,  3,  or  4,  &c^  the  fractiona  ariajng  will  be  |,  ^  y^  &c^  which  are 
eridenily  equal  to  i. 

A  Decimal  FratHon  is  a  fractioii  whose  denominator  ia  alwaya  a  unit  with  mine 
number  of  ciphen  annexed,  and  the  numeralur  any  number  whatever;  ua,  j<^ 
rSot  tJAoi  Stc-  And  as  the  denominator  of  a'deeimal  ia  alwnya  one  of  iha 
niimhei*  10,  100,  1000,  &c^  the  inconvenience  of  writing  the  denominator  niav  be 
avoideJ,  by  placing  a  point  between  the  integral  anil  the  fractional  pan  of  the 
number ;  thua,  ^  ia  written  A ;  and  i^  ia  written  .14 ;  the  mixtd  number  A^^ 
connating  of  n  whole  numlier  and  a  fractional  one,  is  written  3.14. 

In,»;[tinj5  down  a  decimal  IVnction,  tlie  numerator  muH.  conaiat  of  as  many  plnceaaa 
there  are  ciplicrs  in  the  denominator ;  and  if  it  hu  not  so  many  figures,  tlie  defect 
muH  be  Bupplied  by  placing  ciphers  before  it ;  tbiu,  ^  =  .lU,  ^hhis  ^=  -OKi) 
latfio  ^=  .DOIfi,  &c  And  aa  cipher*  on  the  right  hand  lide  of  integers  increase  their 
value  in  a  tenfold  proponion,  aa,  3, 20, 300,  £.c.,  ao,  when  set  on  the  left  hiind  of 
decimal  Ihiciioiia,  they  decrease  their  value  in  a  tenfold  proponion,  as,  J2,  .02,  .002,  &c.; 
but  ciphera  sni  on  the  right  hand  of  these  fmctiona  make  no  alteration  in  their  value, 
neither  of  increase  or  decrease ;  thua,  .3  ia  the  suine  as  .20  or  .300.  The  common 
arithmntical  operations  are  performed  the  some  way  in  decimids  as  tliey  are  in 
integers ;  regard  being  had  only  to  the  particular  natation,  to  diatinguish  the  integral 
from  the  fractioiuil  part  of  a  sum. 

ADDITION   OF   DECIMALS. 

Addition  of  decimals  ia  performed  exactly  like  that  of  whole  mimbcra,  phicing  the 
numbers  of  the  aame  denomination  under  each  other,  in  which  caae  the  deeimsJ 
Bparating  points  will  range  straight  in  one  column. 
EXAMFLEIs 


86.7 

1J36 

2713307 

33.15 

Ml 

.0134 

143J306 

1.785 

3.157tt 

.003 

aj) 

31.4 

Google 


DECIMAL  ARrrHMETIC. 


SUBTRACTION   OF  DECIMALS. 

SubmctkHt  of  decinulH  a  perTonned  in  the  MUiie  manner  u  in  vhole  niunben,  Oj 
obaerving  r>  set  the  figupsB  ot  the  wants  denotninatioD  and  tbe  seiiarating  poiuU  djrectlj 
under  each 'other. 

EXAHFLGS. 
Prom  31.S67  36.75  1.354  18613 

Take     S.63  SOB  .316  25.163 


Difference  38.637 


36.734 


MULTIPLICATION  OF   DECIMALS. 


Muhi])])'  the  numbers  together  the  nine 

•ff  an  many  decimal*  from  the  right  hand 

and  when  it  hnppeiw  that  there  are  not  i 

he  decimals,  tlieu  prefix  as  many  ciphers 

EXAMPLE   1. 

MiUtlply  aas  by  4JS. 

3.35 


Answer    14.625 

In  one  or  the  factors  is  one  decimal,  and 
ID  the  other  two;  their  sum,  3,  is  the 
BUndier  of  decimals  of  the  product. 

EXAMPLE   II. 
Multiply  0.5  by  a7. 


EXAMPLE   III. 
Multiply  3.25  by  .OS. 

a25 


as  if  they  were  whole  numbers,  and  ponii 
there  are  decimals  in  both  fecun  together 
man?  figures  in  the  product  as  thure  must 
the  left  hand  as  will  supply  the  defect 
EXAMPLE  IV. 
Multiply  .17  by  .06. 


Answer    J1D3 
In  each  of  the  factors  are  two  decii 
the  product -ought  therefore  to  couti 
and,  there  being  only  three  figures  i 
product,  a  cipher  must  be  prefixed. 
EXAMPLE  V. 
Multiply  .18  by  24. 


EXAMPLE  VI. 
Multiply  36.1  by  !L5. 


Answer    90:25 


DIVISION   OF  DEaMALS. 


KviMon  of  decimals  is  performed  ii 

Xthat  the  number  of  decimals  ir.  _„  , ,„ 
r  of  decimals  of  the  dividend  above  thoee  of  the  divisor. 


e  same  manner  aa  in  whole  numbere;  only 
n  the  quotient  must  be  equal  to  the  excess  of 
above  thoOT  of  the  divisor.     When  the  divisor 
CCHitains  more  dcclmsLi  than  the  dividend,  ciphers  must  be  affixed  to  the  right  band 
of  the  latter  to  make  the  number  equal  or  exceed  that  of  the  divisor. 
EXAMPLE   I 


Divide  14.635  by  3J35. 

3.35 )  14.625  ( 4  J 

1300 


EXAMPLE  n. 

Divide  ai  by  .0063. 

Previous  to   the    division,    I   affix   • 

number  of  ciphers  to  the  right  hand  t^ 

3.1,  which  does  not  alter  its  value. 

.0063)  3.1 00000  [soaoo 


In  this  example,  there  are  two  decimals 
in  the  divisor,  and  three  in  the  dividend  ; 
Bence  there  if  one  decimal  in  the  quotienL 


310 
OOQOO 
Therelore  the  nnswer  is  50000 


'^^ 


DECIMAL  AKITHHETIC. 


EXAMPLE  V, 
Divido  17.356  by  1.1& 
L13)]7J2SfiOO(  14.675 


EXAMPLE  in. 

Dhide  0.35  by  0.7. 

.7)35  (.5 

.35 

EXAMPLE  tV. 
Divide  9.6  by  .06. 


160  Answer. 
Hare,  l^  affixinfT  a  cipher  to  9.6,  it 
becomefl  9.60,  and  has  ilieu  two  deciitwli 
in  it,  which  a  tlie  aturie  Duinber  oa  ia  in 
the  diviaor;  therefort!  the  quotient  is  an 
integral  aun^)er. 

REDUCTION  OF  DECIMALS. 
If  you  wtah  to  reduce  ■  vuIsht  fraction  to  a  decimat,  you  may  add  any  number  of 
ciphGrs  to  the  numerator,  and  divide  it  by  the  denominator;  the  quotient  will  Im  the 
decimal  fraction ;  the  decimal  point  muR  be  ao  placed  that  there  may  be  oa  many  figurea 
to  the  right  band  of  it  aa  you  added  cipfaera  to  the  numerator ;  if  there  are  not  aa  niuuy 
flpires  ill  the  quotient,  you  must  place  cipbera  to  the  left  band  to  make  up  the  nuuibei 
EXAMPLE  IV. 
Reduce  3i  inches  to  the  decimal  of  a  foot. 


EXAMPLE  L 
Reduce  ^  to  a  decimal 
5)1.0 

.S  Anawer. 

RXAHPLE  II. 
Keduc«  1 10  B  decimal. 
8)3J00 

375  Answer. 

EXAMPLE  [II. 
Reduce  3  inches  to  the  decimal  of  « 
fine 
Since  12  inchest  I  foot,  thia  fi«cti*Hi 

i3]aoo 

Jj5  Ansfver. 


3^  =  $ ;  this  divided  by  13  ia  3^- 

34  )  7.000  (  591  Answer,  nearly. 


16 
EXAMPLE  V. 
Reduce   1   fool  and    6   inches  to   the 
decimal  of  a  yard. 
Here  1  foot  6  inches^lS  irn^hea. 
And  1  yard  =;  36  inchufl ;  therefore  thia 
fraction  ia  ^|. 

36)1&0(.5  Anawer. 


If  jmi   have 


tnr  multiplying  it  by  3 
I^  the  product  18  its  value 
nay  be  obtained  in  other  ci 

EXAMPLE  VI. 
Required  the  vaiue  of  3l3I 


any  decimal  fraction,  it  ii    eaa^  to  find  its  value  in  the  lower 
'  the  isme  quantity ;  thus,  if  the  fraction  was  the  decimal  of  a  yard, 


I   fsel  and  parts; 
1  inches  and  parla ;  and  in  the  w 


9.00 
8  yarda,  0  feet,  9  incbea. 


EXAMPLE  VIl. 

Required  the  value  of  7.S31  dqrs 

7.331 


38  seeonda,  uid  4  tenths  of  a  wc<9d. 


GEOBIETRY. 


Gkohbtbt  is  lbs  Buence  which  treats  of  the  description,  propertka,  and  kIukhii 
of  iDBgDitiides  in  ^eral,  of  which  thnte  are  three  kuide  or  apeciea ;  viz.  a  taw,  whkb 
has  only  length  without  either  breadth  or  thicknera ;  a  np^icita,  compreliended  b> 
length  and  breadth ;  and  a  $olid,  which  has  lenf^  breadth,  and  thickneaa. 

I. 
A  potKT,  considered  mathematically,  haa  do  leng*ii,  breadth,  or  thickneaa. 

il. 
A  BTBAinHT  Lim,  or  kisht  lire,  is  the  ahorteet  diatsnce  between  the  two  poinn 
wiiich  limit  its  length,  as  AC.  4 c 


A  GiKCLi  is ^  plane  figure,  bouniied  by  a  unifhrm  curve  Tine,  it  ii  comiMmh 
described  with  a  pair  of  coiniioHies ;  one  point  of  whir.h  w  fixeal,  whilst  the  other  a 
turned  rouiiil  to  the  nlsce  where  the  motion  first  Iwgsn  ;  the  fixed  point  ii  called  tbs 
CBKTRK,  and  thn  line  described  by  the  other  point  is  called  the  oacuHPEaENcs 

VI. 
The  amnios  of  a  circle,  or  semi-diameter,  is  a  right  line  drawn 
from  the  centre  to  the  circumference,  as  AC;  or  it  is  that  line 
which  la  taken  between  the  points  of  the  compaasea  to  descritM  the 

A  DiAMBTEK  of  a  clrcle  is  a  rifht  line  draivn  through  the  centre, 
and  lerminatnd  at  both  ends  liy  the  circumference,  as  ACB  ;  an<l  ia 
(be  double  of  the  radius^  AC.  A  diameter  divides  the  circle  and  ita 
rtrctunfbrenoe  into  two  equal  pans. 

VII. 
An  ARC  of  a  circle  is  any  part  or  portion  of  the  circumference,  as  DFE. 
VIII. 
lin 

■      ..      ■  •^' 

the  chord  of  the  area  DFE  and  DGE. 

IX.' 

A  SEMicmCLE,  or  half  circle,  is  a  figure  containect  under  a  diameter  and  tlie  arc 
tenninated  )iv  tlmt.dinmeier,  as  AGB  or  AFB.  Any  partof  a  curie  contained  bciwoen 
two  radii  and  an  arc,  is  called  a  skctos. 

X. 

e  fourth  part  of  a  whole  cirtle,  as  tlie  ngitra 

!yoU,  All  circles,  whether  gretU  or  small,  are  supposed  to  have  their  circumfetei.ca 
divided  into  360  equal  parts,  called  degrees;  and  each  degree  iuto  60  equal  parts,  called 
miiiuiea;  and  each  mioute  bto  60  equal  parts,  called  seconds ;  and  ao  on  into  thjrda 


nROHETKT. 


o  lines  wliich  meet,  but  not  in 

An  )uigle  H  usually  expreaB4>i<  liy  the  letter  placed  at  tne  angular 
point,  av  the  angle  A.  But  w...  i-  two  or  more  iuiglf«  are  at  the 
miae  uniut,  it  is  then  nocenai^  to  express  each  by  three  Jettera, 
and  the  leofir  al  the  angular  point  is  placed  Nitweeii  the  ottier 
two.  Thus  the  ancle  fonnud  by  the  liuea  AB,  AC,  is  called  the 
angle  BAC,  or  CAB ;  uid  tboi  fomaed  by  AB,  AS,  ia  called  the 
angle  BAD,  or  DAB.  - 

Jn  angie  it  meatvrtd  by  ihe  are  ijfa  circit  eomjnthrndtd  betaten  Oit  tiso  It^i  that  form 
At  angU ;  &e  centre  of  the  eircU  bemg  the  aj\gular  point,  and  tht  u^U  eirnt-ai/htnci 
amtidertd  a»  eqiuU  to  AXP. 

ThuB  die  angle  A  la  rneaBiired  by  the  arc  BC  described  round 
the  point  A  OB  a  centre,  and  the  augle  is  euid  to  be  or  as  iiiaiiy 
degrees  hi  t)ie  arc  ia;  thai  is,  if  the  urt:  BC  is  30°,  then  the  angle 
BAC  »  nald  to  be  an  angle  of  'JO  degrees. 

XII. 

If  a  right  line,  AB,  foJl  upon  another,  DC,  so  as  to  incline  neither  to  the  one  aide  n 
the  other,  hut  makes  the  angles  ABC,  ABD,  «qual  to  each  other,  . 

then  the  line  AB  is  trnid  to  be  perpendicular  to  the  line  DC,  and  /''"'T'^ 

each  of  [lieae  angles  is  called  a  right  anffle,  being  each  equal  to  a  /^     1       \ 

quadrant,  or  90°;  because  the  surri  of  the  two  angles,  ABC,  ABD,  J, — -^ — -^ 

is  measured  by  the  semicircie  DAC,  described  on  the  diameter 
DBC,  and  centre  B. 

XIII. 

An  ACim  AiteLi  is  leas  flun  a  right  angle,  as  ABC. 

XIV. " 

An  OBTCiB  AKBLK  is  greater  than  a  right  on^le,  as  OEH. 

The  least  number  of  right  lines  that  can  include  a  space  are 
three,  which  fonn  a  fintre  called  a  triangle,  conaisiing  of  six  parts, 
viz.  three  sides  and  three  anjries ;  it  is  distinguisherl  into  three 
igkt-raighd  triangle,  an  oitu«-ang{cJ  triangle,  and 


oris,  VIZ.  a  nKhl-angied 
in  acute^angUd  triangle. 


XV. 

one  of  its  angles  right ;  the  ude 
opposite  the  right  angle  is  called  the  hypottnute  ;  and  the  other 
two  aides  are  called  legs ;  that  which  sUnds  upright  is  called  the 
perpendicular,  and  the  other  tlie  bait;  thus  BC  is  the  hypoteuuEij^ 
AC  the  |ierpendicutur,  and  AB  the  base  ;  the  angles  opposite  Uie 
two  legs  ore  both  acute. 


XVII. 

An  OBTtTSE-AssLiD  TKiAitGLE  has  oiie  of  iu  angles  obtuse,  or 
greater  than  a  right  angle,  as  BAF  j  the  other  two  angles  are 
Kute. 


■wdienaiiciam,  in  which  the  quBdrani  \i  divided  liiio  100°,  et 
<D",dLC..BDd  labieioriugarillinii  have  been  published  Foiilb. 
rftba  (fivi*ioo  would  lead  gieally  lo  fociliiate  maul  of  lbs  caicul 


degree  inlo  \»y,  earli  muiu 
ble  ibeieio.  The  geienJ  ai 
m  of  uftvigaiion  >ud  uirow 


•  GEOHETRT. 

xvm. 

A  qmDMLATEidiL  figure  is  one  bounded  by  four  udea,  ■■ 
AUUB.  If  the  oppoBiie  Hides  are  pamlkl,  thoy  are  callisil  piou^ 
LKLOOHAMS.  ThuB,  if  AC  be  parallel  to  BD,  anil  AB  porulbl  to 
CI),  tbe  figure  ACDB  ia  a  pnTBUelogram,  A  purallelognini  tiaving 
ril  iU  aidea  eaual,  and  its  alleles  nght,  is  called  a  bi^dare,  as  K 
'  When  tbe  angles  are  right,  and  the  opposite  sides  only  equal,  it  ia 
nailed  a  bxctav sle,  as  A 

XDL 
Tlie  SINE  of  an  arc  Is  a  line  drawn  from  ooe  end  of  the  arcperpendkiilar  to  ■ 
diameter  drawn  through  the  other  eud  of  the  same  arc ;   thus  RS  is  tlie  sine  of 
the  arc  AS,  RS  being  a  line  drawn  from  one  end,  S,  of 
that  arc,  perpendicular  to  DA,  which  is  tlie  diameter 
pB£aiiig  diJougL  the  other  end,  A,  of  the  arc 

XX. 

The  COSINE  of  an  arc  is  the  sine  of  the  enn^rionenf  of 
that  arc,  or  of  what  that  arc  wbijIb  of  a  quadrant ;  tlius, 
AH  lieiiiga  quadrant,  the  art;  SH  is  tlie  coin|ilenient  of 
the  arc  AS ;  SZ  is  the  sine  of  the  arc  SH,  or  the  cosine  of 
the  arc  AS. 

XXI. 

The  VERSED  BIKE  of  an  arc  IS  that  )iart  of  the  diameter 
iH>nuiined  between  the  sine  aiid  iIip  arc ;  thus  RA  is  the 
rersed  sine  of  the  arc  AS  and  DCR  is  the  versed  sine  of 
thenrcDHS. 

xxn. 

The  TANOENT  of  an  arc  is  a  right  liite  drawn  perpendicular  to  ihe  diameter,  passing 
through  one  end  of  the  arc,  and  terminated  hy  a  line  dniwh  fiMin  tbe  centre  tlirougn 
the  other  end  of  the  arc ;  thus  AT  is  tbe  ituigeiit  of  the  urc  AS. 

XXIII. 
The  coTAitoEirr  of  en  arc  Is  the  tangent  of  the  cninplement  of  that  arc  to  a 
quadrant;  thus  HG  is  tbe  tangent  of  the  arc  HS,or  [lie  eotiingeni  of  tbe  arc  AS. 

XXIV. 
The  SECAKT  of  an  arc  is  a  right  line  drawn  trorn  tlie  centre  through  one  end  of  the 
are  to  meet  the  taoKent  drawn  from  the  other  end;  thus  CT  is  the  eucont  of  tbe 
arc  A£L 

XXV. 
The  coiECADT  of  an  arc  >■  tfie  secain  of  the  complement  of  that  arc  to  a  quadrant ; 
thus  CG  is  the  secant  of  tlie  arc  SH,  or  cosecant  of  tlie  ore  AS. 

XXVI. 

What  an  arc  wants  of  a  aemicircle  is  called  the  suppLrMXHT  of  the  arc ;  thus  the 
arc  1>HS  is  the  supplement  of  the  arc  AS.  The  sine,  tangent,  or  sei'^nt  of  an  arc,  is 
thewme  as  the  sine,  tanrenl,  or  secant  of  its  supplement ;  thus  the  sine  of  60°  i=  sine 
of  100°,  and  Um  sine  of  70°  =  sine  of  110°,  &c 

XX  vn. 

V .J -J ^  ~r—  ' 

if  aiaags  eipial  to  beo  right  anglU. 

For,  on  the  point  B  ns  a  centre,  describe  the  circular  arc  CAD,  y' -\A' 

cutting  tlie  line  CD  in  C  and  D ;  then  (by  Ai.  6),  this  arc  is  equal  f         y^\ 

to  a  semicircle,  but  it  ia  also  equal  to  tin;  Riun  of  the  arcs  CA  and        -i — jf    ■  if 
AD,  the  nieasurps  of  the  two  angl.ts  ABC,  ABD ;  therefore  the 
sum  of  the  two  angles  is  eijual  to  a  Kinicircle,  or  two  riglit  angles.     Hence  n  i* 
evident  tliat  all  tlie  angk's  wljjch  can  !«  made  from  a  puini  in  any  line,  towards  «nf 
ride  of  the  line,  are  equal  lo  two  right  angles,  an<l  tliat  all  tho  angles  which  can  b 
mnde  abtiut  a  point,  are  equal  14  fbur  right  angles. 


XXVIII. 

ff  a  Iva,  AC,  erott  lauAhtr,  BD,  m  (Ae  jwtnl  £,  tte  appntiU  ai^ta  utU  6c  c^tud,  att 
BEA  =  CED,  md  BEC  =  AED. 

UpoD  the  loiDt  E  OS  a  centre,  describe  the  circle  ABCD ;  theo 
it  B  evident  that  ABC  Is  a  eeniicirale,  as  also  BCD  (by  .Ai.  6] ; 
therefore  the  arc  ABO  =  arc  BCD ;  taking  from  both  the  coidniui] 
are  BC,  there  remains  arc  AB = arc  CD ;  that  ia,  the  angle  BEA 
ia  equal  to  the  anele  CED.  After  the  Btite  iitauner  we  may  prove 
that  the  angle  BEC  ia  equal  to  the  angle  AED. 

xxrx. 

If  a  line,  GH,  ovt*  luovaraBtl  lint»,  AB,  CD,  tf  maket  Ihe  external  oppoiiU  anglei 
tqwUtotaekUUr,  viz.  GEB  —  CFH,  aiwi  AEG  —  HFD. 

Pot  since  AB  and  CD  are  parallel  to  euch  other,  they  may  be 
cooaidered  as  one  broud  line,  and  GH  cronjngii;  then  the  vertical 
or  opposite  angles,  OBB,  CFH,  are  equal  (by  Art.  S8),  as  also 
AEO=HFD. 


the  aUtntalt  angla,  AEF  and  EPD,  or  CFK  and  FEB,ar«  equoL 
For  GEB=  AEF  {Art.  28),  as  also  CFH^  EFD  (by  the  Mine 

At),  but  GEB  =  CFH  liy  the  laal ;  therefore  AEF  ja  equal  to  EFD ;  in  the  sanM 

my  may  we  prove  FEB = CPE. 

XXXI. 
If  a  line,  GH,  iroas  tan  parallel  linei,  AB,  CD  (see  the  [intceiling  tigiire),  Uu  external 

«gie,  GEB,  it  equal  to  the  iTOemal  opposiU  mu,  EFD,  or  A  EG  equid  to  CFE. 

For  the  angle  AEF  is  eqiiul  to  the  angle  EFD  by  the  las^an•J  Ab:F=:GEll(br 

JIH.  28) ;  therefore  GEB  =  EFD ;  in  the  same  way  we  may  prove  AEG  =  CFF» 

XXXII. 

If  a  line,  GH,  croat  (im  parailtl  Unet,  AB,  CD  (fiee  the  preceding  figiir<>),  the  tirni  of 
Utt  tm  mUrnal  anglei,  BEF  and  DFE,  or  AEF  and  CFE,  it  equal  to  tun  r^ 
angle*. 

For  siince  the  angle  GEB  is  equal  to  the  angle  EFD  (by  Art.  .31),  to  both  lutd  the 
nurle  BEF,  and  we  have  GEB4-BEF— BEF  +  EFD;  but  GEB-)- BEF  ^  two 
ri^t  angles  (^rt  27).  Hence,  BEF  +  EFD  —  two  rij;hl  augles;  and  in  the  iiaiiie 
manner  we  may  prove  AEF -I- CFE  ^  two  right  atigles. 

XXXI IL 

ht  any  triangU,  ABC,  tme  iff  its  legi,  <U  BC,  bein^  produced  towariit  D,  the  externa. 
mi^e,  ACD,  ti  equal  to  ike  turn  ofiht  tnlemiif  and  opposite  angUi,  ABC,  BAC. 

To  prove  tbiH,  through  C  draw  CE  parallel  tu  AB;  then, since  a  _ 

CE  H  iMirallel  to  AB,  anil  the  lin<;s  AC,  BD  croeu  ihem,  the  angle 
ECD  =  ABC{by.4rt..31),aiiilACE^BAC(by-W.30)jaddiiig    ^ 
these   together   we   have   ECD  +  ACE  =  ABC  4-  BAC  ;   but  £ 
ECD-j-ACE  — ACD;  therefore  ACD  =  ABC -f  BAC. 

XXXIV. 

Hence  tl  may  be  proeed  that  if  any  Jieo  lines,  AB  and  CD,  be  croteed  fy  a  third  lint, 

EF,tmd  t&t  aUinudt  aagtet,  AEF  and  EFD,  be  equal,  the  Une*  AB  itntl  CD  wiU  b* 

For,  if  they  are  not  parallel,  they  mim  meet  each  other  on  one 
ndeoTthe  line  EF (suppose  st  G),ai>d  so  fonn  the  trianjjle  EOF, 
one  ot  whose  sidas,  GE,  being  produced  to  A,  the  extennr  angle, 
AEF,  must  (by  the  precaling  article)  l>e  etjual  to  the  aum  of  the 
two  angles  EFG  and  EGF ;  but  by  HU|ipoHition  it  is  equal  to  the 
■ngle  EFG  alone;  therefore  the  angle  AEF  must  be  equal  to 
Ifae  sum  of  the  two  ongleo  EFG  nncl  FGF,  and  at  tlie  same  lime 
e)|ual  to  EFG  alone,  which  is  abnird;  therefore  the  line»  Afi,CD, 
BUDOt  meet,  and  must  be  paralleL 


jv  Google 


B  6EOMETRV. 

XXXV. 

In  imy  righl-iined  triangle,  ABC,  (Ac  itaa  tff  Ott  Otrtt  angUt  u  equal  h  (wu  >^^ 
mtgla. 

To  prove  this,  you  must  produce  BC  [in  the  tig..M.33)t0WHrdH  D;  lheD(liy.4ri.33)i 
tb<i  eilonial  angle  ACD  =  ABC  +  BAC ;  lo  both  add  the  oiigle  ACB,  lui J  w,-  Imve 
ACD+ACB=;ABC  +  BAC-t-ACB;  bulACD  +  ACB  =  two  right  nudes  (liyJrt.  27). 
Hetice,  AliC-|-BAC-|-ACB  =  twor1ghlBngl(«;  therefore  the  Bumol'Oie  Uiree  sugled 
of  Quy  plain  tnongle,  ACB,  in  equal  to  two  r^it  tuiglecL 

XXXVL 

Henct  ui  am]  plain  brian^,  j/'oru  ofiia  angles  be  Imoten,  tht  nun  of  Vie  other  (loo  imll 
it  aito  jbtoim. 

For  hy  cJie  last  Bitif^le  the  mini  of  ail  three  augten  is  equal  to  two  rivlil  angles,  or 
180°;  hunci!,  Iiy  Hubtraciiiig  the  given  angle  fh>m  180°,  tliti  reinaiuder  ivUI  be  the  sum 
of  thi:  otliur  two. 

In  any  right-atigUd  triangle,  the  ttuo  acuttanglet  takai  Utgelher  are  jatl  eaual  lo  a  right 
angle ;  for,  all  three  angles  being  equiil  to  two  right  angles,  and  one  angle  tieing  ririit 
by  «U[)jio0il]uii,  tlie  BUiii  of  tlie  other  two  iiiuut  be  equal  to  a  right  angle;  coiisequenuy, 
any  one  of  ihi;  scute  angles  being  giveii,  the  other  one  may  be  found  by  eubtntctiug 
the  giveu  one  from  90  degreee. 

XXXVIl. 

ffin  am/  tim  triangla,  ABC,  DEF,  (im  Ugi  of  the  one,  AB,  AC,  be  equal  to  two  tegi 
Iff  lU  other,  UG,  Dt ,  each  to  each  respectively,  thai  u,  AH  ~  DE,  and  AC  =  DP,  and 
Vie  angUs  BAC,  EDF,  inclviUd  Mwten  the  equal  legi  be  eqaai  j  Oun  Ike  remmning  itg 
of  the  one  aiU  be  equal  to  the  remaining  leg  of  the  other,  and  tht  angles  oppofiie  la  tii 
equal  UgiwiU  be  equal;  that  if,  BC::=EF,  ABC^DEF,  onrf  ACB^DFE. 

For  if  [lie  triangle  ABC  be  »u|ipu«ed  to  be  lifted  up  and 

Eut  upon  l)ie  triangle  DEF,  with  Ihe  |ioin[  Aon  die  point  -A  Jp 

l,an<!  tlie  line  AB  uimn  DE,  it  is  (>luiii,  since  AB  =  Ut:,  A  A 

dial  tlie  point  B  will  itilt  ui>oli  E  ;  and  suice  the  angles  BAC,         /   \  /   \ 

EDF  are  equal,  tlie  line  AC  will  fall  upon  DF ;  and  these    ^ /_ \g    J       \- 

liiiea  being  of  euiisl  length,  tlie  jioun  C  will  fall  upon  F; 

COiiBeqiiinilly  the  tine  BC  will  fell  exactly  upon  Ihe  line  EF,  and  the  triangle  ABC  wiU 
ill  all  respeciH  be  exactly  equal  to  the  triangle  DEF,  and  tlie  angb  ABC  will  be  equal 
to  ibe  angle  DEF,  also  the  uiigle  ACB  wUI  be  equal  to  (he  angle  DFE. 

XXXVIII. 

After  &t  tame  mattoer  it  nuy  be  proved  thai  U"  in  ang  two  Iriangift,  ABC,  DEF  (see 
the  preceding  figure),  two  angles,  ABC  aivi  ACB,  of  Ihe  one  be  equal  to  two  angta, 
DEF,  DFE,  of  the  Mer,  and  the  included  aide,  BC,  be  equal  to  EF,  the  remaimng  sidet 
and  included  angles  will  also  be  equal .tb  eadt  other  Ttspectittcly ;  thai  it,  AB^iDE, 
AC  —  DF,  and  &  angle  BAC  =^  the  angle  EDF. 

For  if  the  triangle  ABC  be  suppoeed  lo  be  lifted  up  and  laid  upon  tlie  triangle  DEF, 
the  point  B  being  upon  the  point  E,  and  the  linB  BC  u|>i)ii  the  line  EF,  then,  sini:e 
BC  =  EF,  the  point  C  will  fall  u[ion  the  pobt  F ;  and,  as  the  angle  ACB  =  tlie  engle 
DFE,  the  line  CA  will  tall  uiion  tlie  luie  FD;  by  tlie  same  way  of  reusoniniCi  the  line 
" ■       ED;  theref       -  ■        -■  ■■'       -      ■■-■    "^       - 


BA  will  fiill  upon  the  line  ED  ;  therefore  tlie  point  of  intereeclivll.  A,  of  tlie  two  lioMi 
BA,  CA,  will  fall  upon  D,  tlie  pouit  of  ii)ter«ection  of  the  lines  ED,  FD;  couseuueullj 
AB = DE,  AC  =  DF,  and  the  angle  BAC = the  angle  EDF. 

XXXIX. 

If  ttBO  sides  of  a  triangU  are  equal,  the  angles  opposite  these  tides  will  alio  be  eqval  t 
tiud  is,  \f  \R  =  A.C,  Ihe  angUM  haC,  \C^  wiU  idso  be  equal. 

For,  draw  the  line  AD,  bisecting  the  ande  BAC,  and  meeting 
the  line  BC  in  D,  dividing  the  triungle  BAC  into  two  triangles,  , 

ABD,  ACD,  in  which  the  side  AB=  AC,  the  aide  AD  k  common  to  / 

both  triangle8,and  the  ancle  BAD^the  angle  DAC;  consequently  /^ 

(by  Jirt.  37),  the  angle  ABD  must  be  equal  to  the  an^e  ACD.  -* 

The  converse  of  this  proposition  is  abo  true ;  that  is,  ^  too  angle*  of  a 
■      ■'  '  .      ™..  ■     ■      .  I  nearly  ii 


a  deinoustreted  i 


*  ^  a 


XL. 

vJe  it  tqutd  to  ha^  &t  m^  td  On  ccnln 


Auf  oi^ie  of  iht  orciai^rTt 

Thus  the  ancle  BAD  k  half  the  angle  BCD,  ittnctins  upon 
the  miie  arc,  BD,  of  tlie  circle  REDA  whooe  centre  ia  C.  To 
deniouBtnite  Uiia,  ilraw  through  A  and  the  centre  C,  the  right  line 
ACE;  tiien  (by  AH.  ■^)  the  on^e  CAD-|-a]igle  CDA  =  aiiglfl 
ECD ;  bill  AC  ■=.  CD  (being  two  nriti  of  die  same  circle] ;  therefore 
(by.A13!l),tli'!iuigleCAD==theuigl«CDA,imd  tlie  auiii  oftlitM 
twoaiidcuislhedoubleofeitheroruiem;  that  ia,CAD4-CDA  =:  -* 

twice  CAD;  tlierctbre  ECD  :=  twice  CAD;  in  tlie  BBiim  manuEril  iimy  be  proved  that 
BCE^twice  BAC,  and  by  ailding  these  together,  we  have  ECD4-KCG::=:twic(> 
CAD  +  twiceBAC;  that  is,  BCD  — twice  BAD,  or  BAD  einial  to  half  of  BCD.  Th« 
demoniiUBtiou  is  gunilni-  wlien  B,  D,  fall  on  the  aune  mle  of  E. 

XLL 

•4)1  apgU  at  tJu  nrcum/tmice  t«  meoMurtd  bi/  tu^fthe  art  U  tubUndt. 

For  ail  angle  ui  die  centre,  standing  on  the  natne  nrc,  iaineaBiired 
by  the  whole  arc  (by  AH.  1));  but  since  an  angle  at  the  centra  ia 
double  tlial  at  tlie  circunilerence  {Art.  40),  it  in  evident  thnt  an 
ongte  at  the  circuniference  niuat  be  measured  by  half  the  arr  it 
Miuids  upon,  fknct  all  aiigUi,  ACR,  ADB,  AEB,  Slc^  td  iht 
draanfama  of  a  eirrle  Mlmuanff  on  the  same  chord,  AB,  art  equal  to 
tach  other ;  for  tbey  are  all  measured  by  the  aaine  arc,  viz.  half  tlie 
■kAB. 

XLH. 

An  attgU  ia  a  itgmenl  greater  than  a  tarueirdt  ii  Ut$  than  a  right 
amgk. 

Thus,  if  ABC  be  a  segment  greater  than  a  semicircle,  the  an;  AC 
OD  which  it  stands  must  be  lees  than  a  semicircle,  and  the  half  of 
k  leaa  than  a  quadrant  or  a  right  an^ ;  hut  thit  ongle  ABC  in  tl>e 
M^nent  is  meaaured  by  the  half  of  the  arc  AC;  thuefbre  it  is  leae 
IImd  a  right  angle. 

An  angle  in  a  tametrtU  it  a  right  aagU, 

For  since  DEF  is  a  aemicircle,  the  arc  DKF  muse  also  be  a 
eemicircle;  but  the  an|fle  DEF  is  measured  by  half  die  arc  DKP,     dK 
that  is,  by  haJf  a  semicircle  or  by  a  quadrant;  therefore  the  angle 
DEF  is  a  right  one. 

Jtaaa^  tn  a  ttgmtnt  Ittt  than  a  temiarcle  it  grtattr  than  aright 
angle. 

Thus,  if  GHI  be  a  segment  less  (ban  a  semi-cirrle,  the  arc  GKI 
on  which  it  stands  tniist  tie  greater  than  a  semicircle,  and  its  linlf 
greater  than  a  qmidrant  or  rwht  angle;  dierefore  the  angle  Gill, 
which  is  measured  by  half  Uie  arc  GKI  is  greater  than  a  right 
aogte. 

XLIII. 

If  frwh  the  centre,  C,  of  the  etrclt  ABEIhen  be  lelfatt  the 
cierd  AB,  tl  leiU  tind  thi  chord  in  the  point  D. 

Draw  the  radii  CA,CB:  then  (tp' A(.  39}  the  angle  CBA=the 
angle  CAB,  and  as  the  angles  at  D  are  right,  the  angle  ACD  tniiat 
be  equal  to  the  angle  BCD  [by  Art  OS).  Hence  in  the  triangli^ 
ACD,  BCD,  wc  have  the  angle  ACD  equal  to  the  angle  BCD, 
CA^=CB,and  CD  common  to  both  triangles,  consequently  (by 
jfr«.37)  AD  =  DB;  that  is,  AB  is  bisected  at  D. 

XLIV. 


(See  the  preceding  figure.) 

For  m  tlie  last  article  h  was  proved' that  the  aDgle  ACDr=  tlie  angle  BCD;  heDC« 
07 -M.  11)  the  arc  AF  z=  the  oic  FB. 


10  OEOMETRT. 

XLV. 
Akji  Km  btwttng  a  chord  iri  r^^  angle*  it  a  ittemt^er. 


e  ,b^  Art.  43)  a  line  drawn  Iroiti  the  ceotre  perpendicular  to  ■  chord,  tMcdi 
rd  Dl  nglii  augles,  iherefore  conveniely  a  line  bisecting  a  clioni  at  riglit  augle^ 
B  ihrougli  Uie  ceutre,  und  coiwequeimy  be  a  dioineter. 


XLVI. 

The  tine  of  any  arc  it  tqiud  to  ha^  the  chord  of  twiee  that  art. 

For  (in  tlie  tost  scheme)  AD  is  the  sba  of  the  arc  AF,  and  AF  is  equal  to  lialf  the 
arc  Al'^B,  and  AD  hulf  the  chord  Ail ;  hence  the  propoiutioa  ia  iiisnlfesu 

XLVIL 

If  two  equal  and  paraBtl  luut,  AB,  CD,  bt  jomed  bu  Iteo  oOieri,  AC,  BD,  that  tmS  bt 
nbo  tgual  and  paraueL 

To  demonstrate  tliis,  join  the  two  op|Kwiie  angles  A  and  D  A s 

with  tlie  line  AD ;  tlieii  it  is  evident,  diat  tlie  line  AD  divides  the  /"V  / 
(]uadriiitlera1  ACDB  inlo  two  tnaiiglus,  ABD,  ACD,  in  which  AB  /  \^/ 
is  equal  lu  CD,  by  HiigiiHiwiioii,  luid  AD  is  itoiiimun  lo  IkiiN  triiuif1<.-s ;      c  d 

and  siiire  All  i«  (lunillel  w  CD,the  tuigle  BAJ>iseq<iai  to  the  aii){lp 
ADC  [by  Art.  ;)0);  tlierefore,  in  Uie  two  iriatif^Lis  tlie  nides  All,  AD,  and  the  uiffle 
BAD,  are  equal  resfKctiveiy  to  tlie  sideB  CI),  AD,  and  tlie  mi^le  ADC ;   hence  [bjr 
An.  ;!7)  BD  is  equal  to  AC,  and  the  angle  DAC  equal  to  the  angle  AUB;  therefore 
(by  Art  34)  the  luies  BD,  AC,  must  be  panillel. 

Cor.  Heniw  it  fhllowa,  that  the  quadrilateral  ARDC  a  a  parallelogram,  since  the 
0|ipoeite  Hides  are  {mrallel.  It  ts  also  evideni  [hut,  in  any  parallcloi^m,  tlie  line  joining 
tbu  o|>[>osile  ani^les  (called  the  rfii^vna/V as  AI),  divides  the  figure  mlu  two  equal  parl^ 
^ce  it  bus  been  proved  tliat  the  triangles  ABD  ACD,  are  equal  to  each  oilier. 

XLVIII. 

It  follows  also  from  the  preceding  anicle,  tliat  a  trtan/^  ACD  (see  the  pnH;eclinj 
figurel  on  Uit  tame  bate,  and  btbixai  tkt  tamt  paraileit  inM  a  paralltlograin,  ABDC,  U 
tt«  hai/'  of  that  paraUtlogratn. 

XLTX. 

From  iho  same  article  it  also  folloivH,  [hat  Oie  oppotite  tide*  af  a  piaviUloKram  are 
tqtud ;  lor  it  has  liecn  proved,  that,  AJIDC  being  a  paruUelugrain,  AB  is  ei|ual  to  CD, 
and  AC  equal  to  BD. 

L. 

AB  paralitlogramt  on  l&c  some  or  eqvai  bata,  and  between  the 
la  each  other ;  that  it,  jf  BD  and  Gil  be  ajvai,  and  tht  Umt  I 
ptmiUdogranu  ABDC,  HDFE,  onJ  EFHG,  urOf  6e  cTuoJ  (a  eoeA  o/Acr. 

For  AC  is  equal  loEF,  each  being  equal  toBD(liy  Jri.4!)); 
to  Iwth  add  CE,  and  wp  have  AE,  equal  to  CF;  tlierefore  in 
the  two  triangles  ABE,  CDF,  AB  is  eipial  lo  CD,  AE  is  equal 
to  CF,  and  tlie  angle  BAE  is  eqiul  to  DCF  (by^ri.  31); 

thererore  ihe  two  inangles  ABE,  CDF,  are  equni  [by  ArU  '^\      ,.    ^  „     „ 

and  lakiiig  the  triangle  CKE  from  Imtli,  the  figure  ABKC  ia 

equal  to  the  figure  KDFE,  to  both  which  add  the  triangle  KBD,  and  we  have  the 
pajallelognitn  ABDC,  equal  to  tlie  iiorallelogTain  BDFE.  In  tlie  tame  way  it  may  be 
proved  thill  the  paralielogram  EFHG  is  equal  to  the  paralielograiti  BDFE;  dierefore 
the  three  iiarallelogramB  ABDC,  HDFE,  and  EFI(0,Bre  cquaTio  each  otlier. 

Cor.  Hence  it  fi>llnws,  that  tnaoffa  on  the  lame  hue,  and  betuieen  the  same  parailtlt, 
tre  equal,  iiince  diey  are  the  half  of  the  pandlelograuis  ou  Ihe  same  base  and  between 
the  same  parallels  (hy  Art.  48). 

LI. 


md  AC,  mx.  to  ABDE  mufACGF. 

To  demonstrate  dils,  tnrougb  the  pi 
SC.   JoinAII,AM,DC,aiidBG;th< 


I  be  a{Wil,  and  the  linet  BH,  AF,  bt  paraiiet,  Ihe 


GEOUETRT. 

«d  BH  eqnal  to  UC ;  therefore  in  ihe  triuiglei  DBC,  ABH,  tlie 

the  one,  are  equal  to  the  two  legs,  AB,  K1{,  of  tlie  oilier; 

aod  the  iiu.ludet^  angles,  DBC  and  ABK,  ure  also  equal ; 

((or  DBA  ie  equiil  to  CBH,  being  both  ri^I;  to  utich  odd 

ABC,  and  we  liave  DBC,  equal  to  ABH] ;  therefore  the 

IriBneieBDBC,  ABH,areeqtial(l)y.4r(.37)}  but  llje  iriou- 

gle  DBC  ■  half  of  the  square  ABDE  (by  ^rf.48),  and  the 

IriancleABHbhalfthp  pHnillelogmin BKLH  (by  iheHouie 

uticfe);  conaequentlv  the  square  ABDE   is  equal  to  the 

paiHllelogmn  BKLH.     In  the  same  way  it  may  be  iiroved 

that  the  aqiMre  ACGF   ia  equti]  to  the    parallelogiam 

KCHL.     Therefore  the  mim  of  the  Hiuares  ABDE  and 

ACGF  is  equal  to  the  sum  of  the  parallelognuiu  BKLH 

■nd  KCML;  but  the  sum  of  theae  parallelounuiiB  is  equal 

lo  the  square  BCMU  ;  therefore  the  sum  of  the  squares  on  AB  and  AC  ■>  equal  to  the 

square  on  BC. 

G^.    Hence,  in  uiy 
•ega, 


Hence,  in  uiy  right-angled  triangle,  if  we  have  the  hypotenuse  an<)  one  of  the 
3  may  easUy  €dA  the  other  leg,  by  taking  the  square  oi  the  given  leg  fh>m  the 

Siare  of  the  hypotenuse;  the  square  root  of  the  ret iiaiiiiler  will  Tie  the  sotight  leg. 
us,  if  the  hypotenuse  was  13,  and  one  leg  was  5,  the  other  leg  would  tie  12,  for  the 
•quare  ofS  is  25,  and  the  square  of  13  is  \W;  subtracting  25  from  \W  leaves  144,  the 
•quare  root  of  which  is  12.  If  both  legs  ore  given,  the  hypotenuse  niay  also  be  found 
by  extractine  the  square  root  of  the  sum  of  the  equorei)  of  the  legs;  thus,  if  one  legwaa 
6,  end  the  other  6,  the  square  of  the  llist  is  36,  the  square  of  the  second  is  &1 ;  adding 
36  and  64  together  gives  100,  wboee  square  root  is  10,  which  is  the  eought  hypotenuse. 

LII. 


Thus  4,  8,  12,  and  24,  are  prDporlional,  because  4  is  half  of  B,  and  12  is  half  of  34 ; 
and  if  we  take  equi-inultlples,  Ay.a,  .4  X  &,  of  the  quatititiee  a  and  6,  and  other 
eqiii-inultiplea,  £  X  <*■  B  X  !>}  of  the  same  quantities  a  and  b,  the  four  cpinntitie^ 
JXa,JX*,  flXo,Bx6,  will  be  proportional ;  for  J  X  "  compared  with  Axbim 
of  tlie  same  tnagiiitutie  as  a  compared  with  b,  and  BXa  compared  with  BXb  ia  also 
of  the  same  magnitude  as  a  compared  with  b. 

LIII. 

h  am  triangk,  AGg,  if  a  Htk,  Ee,  U  irawn  pansUd  to  athtr  qf  Ihe  tidet,  cu  Gg,  A* 
tide  AG  uriU  be  to  AE  om  Ag  1^  Ab,  or  at  Og  lo  E" 

To  demonnnile  thin,  upmi  the  line  AG  take 
the  line  AB  m  that  a  certain  multiple  of  it  tnay 
be  equal  to  Ali^  ami  anotlibr  multiple  of  il  may 
be  equal  to  AG;  tliis  iii^  be  always  done 
accuniiely  when  A  R  and  AQ  ar«  cominenmini- 
ble;  ifttiey  are  not  arcuralely  comnwusurable, 
the  ({uantitv  AB  may  In  token  so  anall  that 
cpnam  multiples  of  it  tnay  differ  from  A£  and 
AG  nspeclively  by  quantities  less  than  any 
awgnable.  On  the  line  AG,  take  BC,  CD, 
Dii,  EF,  PG,  &&,  each  equal  to  AB;  and 
tfaimigh  these  |>oint8  draw  the  lines  B1>,  Cc,  &c.,  parallel  to  Gg,  cutting  tlie  line  Ac  in 
tlie  poiniB  b,  c,  d,  e,  &c. ;  draw  also  the  lines  BM,  CL,  DK,  &r^  parallel  lu  Ag,  cultmg 
Ote  ibnner  parallels  in  Ihe  points  N,  O,  P,  &.C.,  and  the  line  Gg  In  the  [loiniH  M,  L,  K,  &c. 
Th-m  the  triaijgles  ABb,  BCN,  CDO,  Su:^  are  similar  and  equal  to  each  other ;  for  the 
lint <iBh,CN,  are  parallel;  therefore  the  ansle  ABb  =  BCN  [by  AH.  ■»),  mid  by  tl>e 
«m  e  article  the  Fuigle  BAb  is  equal  to  CBN  [l)ecau»e  BN  is  parallel  to  Abt  and 
Tj  conWTuciion  AB^BC;  therefore  (by  AH.  38)  the  triangles  ABb  ajid  BCN  aie 
eoi' I  to  each  other;  and  in  the  same  manner  we  may  prove  thm  the  others,  Cl)0, 
Dtp,  EFQ,  i-c,  are  equal  to  ABb.  Theirfore  Ab=  BN  — CO  —  DP,  fcc^  and 
Bb  ^CN^DO^EP,  &c;but{hy.W.49)BNr^bc,  CO  — cd,  DP  — de;  therefore 
AU.^bc^cilz^de,  &.C. ;  and  since  (by  constructionj  AB=BC::=CD,  fee,  any  line 
aE  m  the  saute  nitiliiule  of  AB  ns  the  corresponding  line  Ae  is  of  Ab ;  and  AG  is  the 
nnie  multiple  of  AB  as  Ag  ie  of  Ab;    therefore  the  lines   AG,  AE,  Ag,  Ae,  are 


pic^iitiuiial(by.Af.9S);  thaliSjAO  ia  to  AEas  Ag  ii  to  Ae;  ami  in  a  similar  tnumer 
we  lUBj'  pivve  dial  AO  is  to  AE  aa  Gg  ia  to  Ee. 


yany  bay  IriangU*,  ABC,  sbc,  ore  mnibo-,  or  lout  all  the  aneUt  <{f  tht  one  tqwd  U 
oB  the  taigia  of  ok  oOier,  each  to  eaeh  rtntictivt^,  Viat  iij  CAB:=uab,  ACB^acb^ 
ABC  =  alic;  thelegMoppotiUlolhe  eguai  angCttimU  Mprci})or(ioniit,VK.  ABiab::  AC:ae; 
AB:uIi:;BC:Im:;  an(^AC:ac::BC:bc 

To  |irove  this,  set  oflj  upoD  a  nde,  AB,  of  the  lanreat 
triaogle,  AE^ah,  and  Ibrouvh  E  draw  ED  parallel  to  BC, 
tn  arnel  AC  in  D;  then  since  D£,BC,  are  parallel,  the  an^ 
AEDiHei|Ual  to  ABC  (liyj]rf.31),Bnd  this  (by  suppoaliiou) 
IB  eqtiul  111  the  angle  abc ;  also  ibe  angle  DAE  is  Tlrv  iup- 
pOHilion)  equal  lo  cab  ;  llienifare  in  the  triangles  ADE,  abc, 
the  two  luiglee,  DAE,  AEH,  of  the  one,sre  equal  to  the  two 
aiiglcB,  eiil),  ulic,  of  the  other,  pscIi  to  eucli  respectively,  and 
the  inrliiited  side  AE  is  (by  coiiHtniclion)  equel  to  tiie  inchided  side  sb ;  therefore 
|byJrt.38)AD  iseqnal  toBc,aiid  DE  equal  to  lie;  Iml  since,  in  the  triangle  ABC,  there 
■s  drawn  DE  (Hirallel  to  BC,  one  of  its  HiiltH,  to  meet  the  oclitir  two  sides  in  the  points 
DE,  therefore  (by  the  preceding  article)  AB :  AE : :  AC :  AD,  iinri  AB :  AE :  BC :  DE, 
•nd  AC:  AD::BC:DE;  ii;  in  these  three  ;)ro]iortionfl,  for  DE  we  put  its  eqiia) 
be,  for  AE  put  ah,  end  for  AD  put  ac,  they  will  become  AB  ;  ab  ::  AC  :  sc,  and 
AB  :  ab  : :  BC  :  be,  and  AC  1  ac  : :  BC  :  be 

LV. 

The  chord,  tine,  tangent,  S(c^  of  aag  arc  in  oru  i:irrit,  u  (o  (he  chord,  tint,  toKgeti,  t/c^ 
^Otetamtarc  itixinoUicr,  at  the  radiia  if  the  one  U  lo  the  radiui  qf  the  other. 

Let  ABD,  alNl,  be  ttvo  circlee ;  BD,  bd,  two  arcs  of 
tfaeet)  circles,  eijiiul  to  one  ajiotlier,or  consisting  of  the 
aanie  iiutnl>er  of  degrees;  also  PD,  til,  the  tangents; 
ItD,  bd,  the  chonls;  BE,  be,  the  sines,  &c^  of  these 
two  arcs  BD,  bd ;  and  CD,  cd,  the  radii  of  the  circles; 
then  CD:c<l  ::  FD  :  fd,  and  CD  :  cd  ::  BD  :  bd,and 
CD  :  cd  : :  BE  :  1«,  &c.  For  since  the  arcs  BD,  bd, 
are  etiunl,  tlie  angles  BCD,  bed,  are  also  equal,  and 
FD,  111,  lH.-iiig  tmigents  to  the  poiuts  D  and  d,  the 
angles  CDF,  cdf,  are  each  equal  to  a  right  angle  (by 
.A123);  IherefoK,  since  in  the  t^vo  triangles  CDF, 
udi,  the  two  angles  FCD,  CDF,  of  the  one,  are  equal 
to  the  two  angles,  fed,  cdf^  of  the  other,  each  to 
each,  tlie  rcniaiiiing  angle,  CFD,  is  also  equal  to  the 
reinainiug  aiiglu,  cfd  (by  Jrt.  36);  consequently  the 
triangles  CFD,  cfd,  are  similar.  The  triangles  BCD,  bed,  are  also  similar,  Ah-  the 
angk  CBD  is  equal  to  the  angle  CDH,  being  each  subtended  liy  the  rsflius;  tlierefore 
{by  Art.  30),  each  of  these  angles  is  equal  to  half  the  supplement  of  the  angle  BCD 
and  in  tlie  saine  manner  the  onitli!  chd  or  cdb  is  equal  to  half  the  supplement  of  the 
angle  bed ;  and  since  the  angle  BCD  is  equal  to  Ix'xl,  the  angles  of  these  two  trianrles 
oiust  be  eiiuul ;  consequently  they  are  similar.  The  tnangles  BCE,  bee,  are  alao  similar 
because  BE  is  parallel  to  FD,  Mid  be  parallel  to  fU.  Hence  we  obtain  (by  Art.  34)  the 
fbllowing  analo^pu.    CD  :cl .:  FD  :  fd;  CD  :cd  ::  BD  :  bd;  CB  :cb::BE  :  be,  &c 

LVI. 
Let  ABD  be  a  quadrant  of  a  circle,  described  by  the  radius  CD,  BD  _ 

any  arc  of  it,  BA  its  complement,  BG  or  CF  the  sine,  CG  or  BF  the  /T 

eoeiue,  DE  the  tangent,  AH  the  cotangent,  CE  the  secant,  and  CH  thw  ,  j/ 
eoaecant  of  that  are  BD.  Theti,  since  the  triangles  CDE,  CQB,  are  'F^ 
funilar,  we  aball  have  (by  d^Tt.  54)  DE  :  CE  ::  BG  :  CB;  that  is,  the  /    > 

tangent  of  an  arc  is  to  secant  of  the  same  as  the   une  of  it  ii  to  K-L  — 

Hulius.    Ako,  CE  :  CD  ::  CB  :  CG;  that  ia,  the  secant  is  to  radius  as        f  ^  D 
the  radius  to  the  cosine  of  the  arc     Also,  CF  :  CA  ::  CB  :  CH;  that  is,  the  rine  is  to 
radius  as  radius  to  the  cosecant  of  the  ore ;  and  smce  the  triangle  CAH  is  similar  to 
thetrinnde  CDE,  we  have  AH  -.CAiiCDiDE;  that  is,tbecotangent  is  to  the  radim 
as  the  raiuiiB  to  the  tangent  of  the  are 
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LVIL 

fnaUndu,  a<Rneq/'9(f,  Ai!  tanftttU  o/^mdOtt  dtard  ^  60°,  ore  each  fqwd  U 
Me  radiiu. 

For,  ID  [he  circle  DFAEB,  let  the  arc  BE  be  45°,  th«  arc  BA  60°, 
ind  BF  90°.  Draw  through  the  centre,  C,  the  diameter  pCB,  and 
perpendicular  thereto  the  tangent  BG,  meeting  CE  produced  in  G ; 
3raw  the  chord  BA,  and  join  CF,  CA.  Then,  since  the  arc  BF  ia 
90*  DF  muBt  bo  90° ;  whence  (by  .M.  12  and  19)  the  radius  CF 
■  equfil  [o  the  nne  of  the  arc  BF,  or  sine  of  90°,  Aaaai,  in  the 
triai>glc  CBG,  since  the  anvle  CBG  is  90°,  and  BCG  is  45°,  by 
•upposition,  the  an^e  CGB  is  also  45°  (by  AH.  36) ;  therefore  (by  M.  39)  BG  is  equal 
tD  CB ;  tfaat  is,  the  tangent  of  45°  is  equal  to  the  mdiiis.  AgQin,  the  angle  ACB  is  60° 
"being  measured  by  the  arc  BA),  and  the  angle  CBA  is  also  60°  [being  nieasured  by 
halfthearc  AD  =  iaO°,)iy.A1.40);  therefore  (by  .^^  39)  C A  =:  AB ;  that  iB,ttie  chord 
of  60°  ii>  rtqiial  to  the  radiusL 

The  four  following  propoeitions  lontain  the  demonstration  of  the  rules  b^  which  all 
the  calculatiooa  of  trigonometiy  may  be  meile;  they  are  mserted  here  in  onier  to 
piflvent  any  embarrassment  of  the  young  calculator,  &om  the  introduction  of  ti>e 
demonarauoiiB  among  the  precepts  for  calculation. 

LVni. 

tn  any  ptaiu  triangU,  the  tida  art  proportiojud  Id  ikt  ttntt  of  Iht  opposite  angle* 

Let  ABC  be  the  triangle ;  produce  the  shorter  side,  AB,  to 
F,  making  AF  equal  to  BC  ;  from  B  and  F  let  fall  the 
perpend icuiara  BD,  FE,  upon  AC  (produced  if  necceBory); 
Uien  FE  is  the  sine  of  the  angle  A,  and  HD  is  tlie  nine  of  the 
angle  C,  the  radius  lieiiig  BC,  equal  to  AF ;  now,  tlie  triangles 
AfiD,  AFE,  having  die  angle  A  comuinn  to  Uilh,  and  the 
angle  D  equal  to  the  angle  E  (lieing  euch  equal  to  a  right 
angle),  are  similar;  hence  (Iiy  Jrt.54),  nsAF  (or  its  equal  HC) 
N  to  AB,  so  is  FE  to  BD ;  thiu  is,  BC  is  to.AB  as  the  sine  of 
the  angle  A  is  to  the  sine  of  the  angle  C. 


ht  ariff  Irianfrle  [aiipponng  any  gidt  to  bt  iht  bam,  and  adling  Ox  otktr  (wo  the  siHrti 
the  rtm  of  the  sidet  U  lo  their  dijtrtner  la  tht  Inngent  of  ha{fthe  twn  of  the  angla  al  tt» 
hlM  ia  la  iht  lanfftni  of  half  the.  difference  of  the  snme  atif^ltt. 
ThuH,  in  the  triHiigle  ABC,  If  we  i-ati  AB  the  linse,  it  will  be,  As 
ri  of  AC  and  CB  is  to  thfir  dit^i^Jcnce,  so  is  llie  tangent  of 
"  "'  .■..->   .1 .  ^  -jj  ijjg  tangent  of  lialf  their 

Dtm.  With  the  longest  teg,  CB,  as  radius,  describe  a  circle 
■bout  the  cenuv ,  C,  meeting  the  shorter  side,  AC  (produced  on  each 
aide),  in  the  points  D  and  E ;  join  F.ll,  DB ;  dmw  A  H  perpenilicular 
to  DB,  and  AF  |>en>endicular  lo  RB ;  then  (by  jM.  42}  the  angle 
EBD.  being  in  a  semicircle,  is  a  rigtit  angle ;  and  the  trian^es  AHD,  AFE,  t 
and  AF  is  equal  in  HB.    MoreoviT,  since  CB  is  equitl  to  CD  or  CE,  AD  ii 


and  AE  is  the  difteniice  of  the  le|nt  AC,  CB?  likewise  (by  -*t  33)  the  angle  BCD  ia 
equal  to  the  sum  ofthe  angles  BAG,  ABC,  ami  therefore  (by  Art  40),  Ilie  untde  DEB, 
or  its  equal  DAJl,  ix  eqiiul  to  liulf  the  sum  ofthe  angles  at  the  Imse  ABC,  BAC. 


Again  [hyArU^)  the  angle  BAG  ia  equal  to  the  sum  ofthe  angles  CEH  (or  CBEj  ai._ 
ABEl,  and  therefore  is  equal  to  the  sum  of  the  angle  ABC,  ontl  twice  the  angle  A  BE ; 
hence  the  angle  AltE,  or  its  equal  BAH,  is  eoual  lo  half  the  itilference  of  the  angle* 
at  the  base.  But  in  tlie  right-angled  triangles  AHD,  AlIB,  making  AH  mdiuH,  the 
legs  DH,  HB,  are  the  tangents  of  the  angles  DAH,BAH,or  tlie  tangents  of  half  ilie 
vim  and  hall'  the  difference  of  the  angles  at  the  base  ;  but  by  reason  of  the  similar 
irianglea  AHD,  AFE,  we  have  AD  ;  AE  : :  DH  :  AF  or  IIB ;  that  is,  AD,  the  sum  of 
die  legs,  AC  and  CB,  ia  to  AK,  their  difference,  as  DH,  the  tangent  of  half  the  sum 
of  tlie  angles  at  the  baae  (the  radius  lieing  AH\  is  to  HB,  the  tangent  of  half  the 
difference  ofthe  aavie  angles  (to  the  same  radius);  and  therefore  (by  Art.  55)  asi  the 
tabular  tangent  of  half  the  sum  of  the  angles  at  the  baae  is  to  tlie  tabular  tangent  of 
Bslf  the  dinerence  of  the  nine  angles 


M  OEOHETRT. 

LX. 

In  any  p\mw  tnuigle,  ABC,  if  the  line  CD  be  drawn 
peri'^'i'''>^iil«r  «>  ^'^  base,  AB,  iliviiliug  it  into  iwo 
acKiiii^iiia,  AD,  Dtt,  aud  the  baae,  AB,  l>e  uiiwcted  iu  the 
poiut  H,  we  stiall  liBve, 

Ji  tht  btue,  AB,  u  to  Oe  mm  o/ths  titUt,  AC,  BC,  m 
U  the  difference  <if  tiie  tida  to  twice  tiu  ditiaaet,  DH,  ^ 
the  ptrjiendieular/nm  the  vdebSit  iff  Hit  ban, 

Dem.  Witli  the  greater  side,  CB,  as  radiue,  ileaeribe  about  the  centre,  C,  the  rircle 
BFUl'!,  meeting  the  otiier  side  jirodnced  in  the  iminis  E  and  F,  and  the  Inuh;  AB 
prudnceil  in  U ;  join  GF  aiul  BE.  Then  AE  is  ilie  sinn,  aiid  AP  Uiu  difibrontM-.,  of 
tlie  •uiim  AC,  CB;  and  since  CD  is  |t«rjiendicular  to  GB,  the  Mne  GB  is  liiiKK^il  in  D 
{l>y  ^rt.  4:J1,  wkI  iiB  AB  ia  l)iHerte({  in  H,  Uie  line  AG  in  equal  to  twice  DH.  Now,  in 
the  trlnngii's  BAE,  GAF,  the  aiigleN  ABE,  GFA,  are  eijuul  (by  Jrf.4]),Hnd  the  micle 
BAE  iti  <'i[niil  lo  GAF  (liy  J/i  28);  tlierefore  the  reniuining  aiiglctt  AEB,  AGF, 
■an  equtil,  and  the  triaiigk-«  BAE,  G.\F,  are  suiiilar;  congequentJy  (liy  Jtii.  54) 
AB  :  AE  ::  AF  :  AG,  or  twice  HD,  which  is  the  propcmilion  to  be  detrionBtrated. 
Hnving  ihnn  [>imined  HD,  we  tuny  fiiiii  the  wtginenta  AD,  DB,  by  adding  HD  to  the 
half  Imae  iiA  or  HB,  and  by  luking  their  difference. 

LXl. 

in  any  plane  triangU,  Iht  upmrt  q^  radius  i»  io  the  tqnart  of  the  cosine  ofhtdfofeUka 
aflhe  angles,  as  Ike  rectangle  conlaineJ  bi)  the  tuso  sides  including  Vial  angU,  u  la  Itit 
Ttdangle  contained  by  tiu  ha^f  (un>  of  Ui£  tiJea,  and  (Aol  tuUf  turn  decreased  tiy  the  widt 
opposite  to  that  angle. 

Thus,  ui  the  triangle  CBE,  the  equare  of  radiiii*  is  to  the  nnitare 
of  the  coehie  of  half  the  angle  C,  as  tl>e  rectangle  CB  X  CE  ia 

(CB  +  CE  +  BE)      (CB  +  CE~BE) 


P,.o.„i„„,Ec„^^,-:^K^ 


CE  !  CB  -I-  BE  ! !  CB  —  BE  ! 


CE 

bnae^CH,  wo  ha»e  the  Hegmem  CD=;    — ^ ~ ;  to  this  adding  CA  w 

•^  2XCE  * 

CB,  we  have  AD  ^  Cp>-m^^+Cp+8CE  X  CB  ^  [CB  +  CEf- BE^  ^ 

2  X  CE  2  X  CE 

tCB  +  CE  +  BE)X(CB  +  CE-BE)      ^gain,  AD  =  AC +  CD  =  CB +  CD, 

bence  AD^  =  CB^-t- 2CB  X  CD  +  CD'' ;  also,  BD^  =  CBa  —  CD3 ;  hence 
AB3  =  AD-J  +  BD^  =  a  X  CB*  +  SCB  X  CD  ss'XJB  X  (CB+ CD)=:3CB  X  AD ; 
henc«  AB^:AD*::9CB.AD  =  (^B±£E±«E)2i(2B±5^E-BE)     ^,  ^^ 

axCE 

beinf;  mdins,  AD  is  the  coaine  of  the  angle  A,  which  ia  eqnal  lo  half  the  angle  C  (by 
At.40);  therefore  the  aqiians  of  railitis  iHtotlie  square  of  the  cosine  of  half  the  anigleC 
m  the  rectangle  CE  X  CB  ie  to  the  rectangle  tCB-j-CE-j-BE)  ^  (CB+CE-BE^ 
The  other  caae*  of  thii  prouoaition  may  be  demonstrated  ui  t  le  aune  mamici 
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GEOMETRICAL    PROBLEMS. 


-^ 


PROBLEM  I. 

To  draiB  a  right  line,  CD,  paraUd  to  a  given  ri^  line,  AB,  at  any  given  dUlauce,  m  at 
the  point  D. 

With  a  fHiir  of  coinimases  take  the  iieareet  dinance  between  the  .    ,    

iromi  D  uiid  die  ^ven  right  lioe,  AB;   with  that  distance  set  one       '^^^     -" 

iboi  nf  tlie  fnnijiHKM'H  nivy  where  on  the  line  AK,  an  st  A,  ami  draw 

the  nru  C  on  thfi  mine  side  ofihe  line  ABos  the  i>oiut  I);  from  the 

point  D  dmw  a  line  eo  tm  jiisl  to  touch  die  arc  C,  and  i(  is  done ;  for  tlie  line  CD  v/ii 

he  jiaraJlel  to  the  line  AB,  and  at  the  distance  of  tlw  point  given,  1),  as  wua  reiiiiirud. 


PROBLEM  II, 
To  biiecl  or  divide  u  given  line,  AB,  tnlo  tt^  equal  part*. 
Take  any  ditttance  in  your  compasaeB  greater  than  half  tlie  line 
AH ;  tlien,  witli  one  fool  in  B,  descrilie  the  arc  CFD ;  with  the  same 
dlMalice,  anil  one  Rk>i  in  A,  describe  the  arc  CGD,  cutlinfi  the 
former  art-  in  C  and  D ;  draw  the  line  CD,  aud  it  will  bisect  AJt  iu 
the  point  E. 


' 

i 


right  line,  DB. 
Bfoc 


PROBLEM  III. 
To  erect  a  perpendictdar,  BA,  on  the  end  ofe 
Take  any  exten'  in  your  coinpaaHeH,  and  with  one 
the  other  in  any  ))oint,  C,  wittioiit  the  given  liiie  ;  dien,  with 
point  of  the  conipneses  in  C,  descrilie,  with  the  other,  the  circle 
ABD;  through  D  and  C  dmw  the  diameter  DCA,  meeting  the 
circle  in  A;  Join  B  ami  A,  ntid  it  is  done;  for  BA  will  be  the 
nquired  line  (by  Ari.  42,  Geometry). 

Or  thus ; 

Take  any  convenient  distance,  ss  BH,  in  yoiir  coinpsffies,  and, 
witli  one  fiHit  in  B,  dmcrilie  tlie  arc  HFG,  n|ion  which  net  ofTthe 
■iiie  rlisiaiice  as  a  choni  troni  H  to  F,  and  froni  F  tn  G,  upon  P 
and  G,  describe  two  iinw  iniersectuig  each  other  in  A ;  ib^itv  a  line 
ih>iii  K  to  A,  and  it  is  done;  fot  BA  will  be  the  perpeniliuukir 
required. 


PROBLEM  IV. 

\»C,loUtfaaaperpefndievlar,CO,i 


fVom  a  f^ven  pmnt. 

Take  any  extent 
distance  lietween  C  and  t'he  given  Ihie  AB;  with  one  foot  in  C, 
describe  nn  nrc  to  cut  die  given  line,  AB,  in  F  and  G ;  with  one  font 
in  G,  desrrilie  an  arc,  and  with  the  same  diitsiice,  and  one  font  in 
F,  dtscrilw  another  arc  cutting  the  fonner  in  D ;  from  C  to  D  draw 
the  line  COD,  cutting  AB  in  O;  then  CO  will  be  the  perpendiculnr 
lequired. 

PROBLEM   V. 
^vm  a  ^oen  point,  C,lolet  JiUl  a  perpeiuSetilar,  GB,  on  a  given  It 
perpenaictdar  u  to  fill  m>  near  the  end  qf  the  given  tine  atat  it  c 


given  ri^l  knt,  AB 


line  AB,  as  D,  and  with  the  distatice  DC  dcacribe  another  e 
mteisecting  the  fonner  in  E ;  jom  CE  cutting  A  B  in  B,  and  it  11 
tkcie ;  for  CB  will  be  the  perpendicular  required. 


IC  GEOMETRICAL   [■ROULEHS. 

PKOBI.IOI  VL 

To  makt  on  angle  lAol  ttuiU  conloin  any  propo$td  nvmber  nf  tkgreti,  fiom  a  gxeen  potKt 
in  a  given  Imt. 

Cabs  1.   WheD  ths  given  angle  is  tight,  or  contBun  90°,  let  CA  be  the  given  line 
and  C  the  giveo  point. 

On  C  erect  a  perpendicular,  CD,  and  it  ta  done;  for  the  ancle        I 
DCA  is  an  angle  of  90°.     Orthus;  on  the  paiDlC,aiiacentre,  with  . 

•he  chnrd  of  (S)°»,  describe  an  arc,  GH,  and  set  off  thereon,  from  P""^ 

G  to  H,  the  distanne  of  the  chord  of  9(P,  and  from  C  tlirough  H  |       ^ 

-■-aw  CHD,  which  will  fonn  the  angle  DCA  of  9CP  required.  "? S         * 

Case  2.   When  the  an^  is  acute,  as,  for  example,  aff"  dff,  let  a 

CB  l>e  the  given  line,  and  C  the  point  at  which  the  angle  ia  to  be  y' 

With  the  chord  of  GO"  in  your  compaaaes,  and  one  foot  on  C,  as             ^^ 
a  centre,  draw  the  are  FB,  on  which  set  of^  from  B  to  F,  ilie       ^'^**j 

S'veii  luigit,  3(ii°,  taken  from  the  line  of  chorda ;  through  F  and 
e  cuiitre  C,  draw  the  right  tine  AC,  and  it  in  done ;  for  the  angle  ACB  will  be  au 
angle  of  36°  Sff,  aa  was  required. 

Ca)if  3.   When  the  given  angle  ia  obtuse,  bb,  for  example,  137°,  let  CB  be  the  given 
hue,  anil  C  the  angular  poiiiL 

'Fake  the  chord  of  flO°  in  your  compaaaea,  and  with  one  foot  on 
CasarentretdcBeril^anarc,  BGHE,u|>on  whichset  off  the  chord  \f,.fi 

nf  60°(wlncli  you  idreoily  have  in  yimr  roniprnwea)  from  B  to  G,  \fi    'f 

and  from  G  to  H  ;  then  aet  off  from  G  to  E  the  ex-cess  of  the  given  ^ — g — 

angle  above  fXP,  which  is  67°,  taken  from  the  line  of  chonis;  or 
yi)u  may  act  off,  from  H  to  E:,  the  excess  of  the  given  angle  aliove  120,  which  is  7°  j 
drew  the  line  CE,  and  it  is  done ;  Tor  the  angle  ECB  will  lie  an  nngle  of  127° 

Were  it  reipiirpd  to  measure  a  given  niiglc,  the  proce^  woiild  have  heeji  nearly  the 
MUiie,  by  aweepiiig  on  arc,  aa  BEl,aud  measuring  it  on  the  line  of  cliorila,  an  is  evidenL 

PROBLEM  VIL 
To  fcwed  a  givea  arcqf  a  circU,  AB,  whote  centre  i$  C. 

Tahe  in  your  nonipasHes  any_  extent  greater  tnan  the  half  of  AB,  b, 

and,  with  one  fbot  in  A,  describe  an  arc ;  with  the  same  extent,  ^^^--^ 

and  one  fool  in  B,  descrilie  another  are,  ciitling  the  fonner  in  D ;  c<^- — i ^"^^ 

join  CD,  and  it  is  ilone ;  for  this  line  will  biiiecl  the  arc  AB  in  the  ^^~-.^ 

iwiiit  E.    It  ia  alaoevitlenithat  tlie  IhieCD  bisects  the  angle  BCA,  ■* 
V  divides  it  into  two  equal  jmiIs. 

PROBLEM  Viri. 
Ta  find  Ihe  centrt  of  a  given  drdt. 
With  any  radiiia,  anil  one  foot  in  the  circumference,  as  a:  A,  describe  an  arc  ttl 
a  cirele,  as  CBU,  cutting  the  given  circle  in  B ;   with  the  sante 
extent,  and  one  fool  in  B,  describe  aitother  arc,  CAD,  cutting  the 
former  in  C  and  D ;  through  C  and  D  draw  the  line  CD,  wliich 
will  piuB  through  the  centre  of  the  "ircle;   in  like  manner  may 
Biiother  right  line  be  dmwn,  as  EHG,  which  shall  cross  the  lint 
right  line  at  the  fenire  requited.    This  consti-uctiou  depends  upon 
**.  43  of  Geometry. 

PROBLEM  DC 
To  itrats  a  drcU  Ihrmigh  any  Uirte  given  points  net  gttualed  fat  a  H^l  Ime. 
Let  A,  B,  will  D,  Iw  tlie  given  points.  Take  in  your  compasses 
3ny  distance  greater  than  half  AB,  anil,  with  one  foot  in  A,  describe 
an  arc,  EF ;  with  the  same  extent,  anil  one  foot  in  B,  describe 
anotlier  ari^  cutting  the  fonner  in  the  jioints  E,  F,  through  which 
Iraw  tile  indefinite  right  line  EFC  ;  then  take  in  your  comjiasBea 
any  extent  greater  than  half  BD,  and,  with  one  fbot  in  B,  describe 
•n  arc,  GH ;  with  the  same  extent,  and  one  foot  in  D,  describe 

oT  the  line  orchard*,  mc  pagg  IB. 
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beuMUTtUCAL  PROBLEMS.  II 

another  nrc  cutting  the  former  in  the  paints  G,  H,  through  which  drew  the  ri^lit  lin« 
GHC,  cutting  the  former  right  line  EPC  in  the  point  C ;  upon  the  point  C  as  a  centra 
with  an  estent  equal  to  CA,  CB,  or  CD,  bb  ratUius  describe  the  sought  circle. 

~  "  PROBLEM  X. 

I  To  divuU  a  eirde  uUo  2,  4,  (>,  16,  or  33  equal  parU. 

Drmr  a  diameter  through  the  centre,  dividing  the  circle  into  two 


rjliititH;   bisect   each  of  thcae   quadrantu  agaui  by  rigm  lini 
wn  tJirougli  tiift  centre,  sud  the  circle  will  lie  divided  into  elsl 
1  )>iseclioDB  any  nutniH 


ilirougli  the  centre,  avd  the  circle  will  lie  divided  ii 
.  uarts ;  and  go  you  may  continue  the  )>iseclionB  any 
lies.     Thih  [iroblein  is  useftil  in  coiistnicling  the  mariner's 

PROBLEM  XL 
I  To  divide  a  given  lim  into  any  nun^frcr  of  equal  parU 

Let  it  he  required  to  divide  the  line  AB  into  five  eaual  narts. 
From'  the  point  A  draw  any  line,  AD,  njakiiig  an  angl< 


.  ^nin«  in  your  coinpasaee,  set  off  a 
nunit>^r  of  equal  parta  on  the  line  AD,  less  by  onellinnthe  pro))aBed 
numli^r  (which  nui]it>er  of  equal  parts  in  this  exanqilo  is  4)  i  then 
ironi  P,  set  off  the  same  number  of  the  saine  parts  on  tlie  line  BC ; 
then  join  4  and  1,  3  and  2,  3  and  3. 1  and  4,  ni?d  theae  litiea  will 
tW  tl^  given  line  as  requiiwL 
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CONSTRUCTION    OF    THE    PLANE    SCALE 


IsL  With  the  radiiiiyou  intend  ^  your  s(-al<>,  ileflcribe  a  icniirirrlp^  ADD  (Piute  II 

fig.  I),  and  (roni  the  Mnire,  C,  draw  CD  perpendicular  to  AB,  vvtikh  i    ' ' 

Kemtcircie  into  two  quadnmiB,  AD,  BD ;  — •■ '^'^  '"■■ — '"  "  ■' — 

dicular  to  CB,  and  juin  BD  and  AO. 

Sdly.  Divide  the  quadront  BD  into  9  equal  jierts;  then  will  ench  of  thiiee  he  10 
degrees:  subdivide  each  of  these  pnrts  into  Bingle  degrees,  siid,  if  your  rnilius  will 
■dniil  of  it,  into  tninules  or  some  iJiquot  parts  ofa  degree  greater  tluui  intiiulm. 

3dly.  Set  one  foot  of  the  compasses  b  B,  and  tnuister  eacN  of  the  divisionH  of  thn 
quadrant  BD  to  the  right  line  BD,  dien  will  BD  be  a  line  of  rliords. 

4thly.  From  the  points  10,  SO,  30,  Si.c.,  in  the  iiuailnuii  BD,  draw  riglii  lint«  |>nndlel 
to  CD,  to  cut  tlie  radius  CB,  anil  tiiey  will  divide  tliai  line  into  a  line  of  siuca  which 
must  be  numbered  fniin  C  lowunls  A 

Sthly.  If  the  HOine  line  of  nines  be  numbered  from  BtowanlaC,  it  will  liecomealine 
of  veined  sines,  which  niay  be  continued  to  180°,  if  tlie  same  divisions  l>e  troiisterred 
on  the  sanie  line  on  the  other  side  of  the  centre  C. 

6thl^V.  From  the  centre  C,  through  the  xeverel  divisiotiB  of  the  qu:ulnuit  HD,  draw 
right  lines  till  they  cut  the  tangent  BT ;  so  will  the  line  BT  liei-iime  a  line  of  taii^nt& 

7thly.  Setting  one  iboi  of  the  compasses  in  C,  extend  ilie  other  to  tli«  several 
divisions,  10,  30, 30,  Ace,  in  the  tangent  line,  BT,  and  transfer  these  extentH  severally  to 
!fae  risht  lintt,  C3  ;  tiien  will  that  line  l«  a  line  of  Decants. 

SthTy.  Riffai  lines  ilrawn  from  A  to  the  sevcial  divisions,  10,  20, 30,  Aco,  in  the 
quadrant  BO,  will  divide  die  radius  CD  into  a  line  of  Bciiii-iangeiits. 

9th^.  Divide  the  quadrant  AD  into  eight  equal  partii,  uiid  fniiii  A,  na  a  centn^ 
tranafer  these  divisinne  severally  bio  the  Ime  AD  i  then  will  AD  Ite  a  line  of  rhundi^ 
each  division  answering  to  11°  15"  ujHin  the  line  of  chords.  The  use  of  tliis  line  is  Ibr 
protracting  and  nieasiiriiig  uiicIfs,  aeconiing  to  the  common  division  of  ilio  tiinruier's 
cointiaes.  If  the  railius  AC  Be  divided  into  100  or  lOUO,  &C.,  equal  pans,  and  tire 
lengihs  of  the  several  sines,  tangents,  and  secants,  eom«)Kiiiding  to  the  several  arcs  of 
the  quadrant,  lie  meHsure<l  lliereby,  and  these  numbera  lie  set  ilomi  in  a  tiilile,*  each 
in  its  proper  coliunn,  you  will  by  these  means  liave  a  nillection  of  numbers  hy  wliirb 
tbn  several  cases  in  trigonometry  nia^  be  solved.  Rif-dit  lines,  graduated  as  ahove^ 
being  plncitd  spvcrally  upon  a  ruler,  form  the  instnunent  raileii  the  PIniif  Si-ole  's^e 
Plate  II.  fig.  2),  by  which  the  lines  and  angles  of  all  tnaiigles  may  be  measured.  All 
rigtj'  Ibia,  US  the  sides  of  plane  triangles,  &Lt^  when  they  are  i:oNsiilcrfd  simply  as 
iiich,  witho'it  havbe  any  relation  to  a  circle,  are  ineasured  by  siwles  of  equal  pun^ 
one  nf  which  is  siilidiviifed  equally  bto  10,  and  this  serves  as  n  (Kmimoii  ilivisiou  to 
all  the  rest.  In  most  E<'jiles,  an  men  is  taken  for  a  conuiion  measure,  and  wliai  an  uich 
ii  divided  into  is  generally  set  at  the  end  of  the  scale.  By  any  common  si-ule  of  eijua) 
parrs,  divided  in  Uiis  maiuicr,  any  numt>er  lest  than  100  iiiny  lie  rt-adily  taken ;  but  if 
tlie  numlier  should  consist  of  Uiree  [)lact«of  figures,  the  value  of  the  lliird  Gfpira 
cannot  be  exactly  ascertained,  and  in  diis  case  it  is  lietter  to  use  a  diagonal  scak^  by 
which  any  number  consisting  of  three  places  of  figures,  may  be  exartly  found.  Thti 
figure  of  this  scale  is  given  in  Plate  II.  fig.  3;  its  constnic^m  is  as  follows: — 

Having  pre|iamt  a  ruler  of  convenient  breiullh  Ibr  your  scale,  draw  near  the  edgea 
thereof  two  right  linos,  of,  eg,  parallel  lo  each  other ;  divide  one  of  these  lines,  oa  iif 
bto  equal  parts,  according  to  the  size  of  your  scale  ;f  and,  through  each  of  these 
divisions  draw  right  tines  periien dicular  to  tu,  to  meet  eg ;  then  divide  the  lireadtli  into 
to  equal  iiarta,  and  through  each  of  tliese  divisions  ilraw  right  lines  |>andlel  to  of  and 
tg:  divide  the  \me^ab,cd,  into  10  equal  porta,  and  from  tlie  point  a  to  the  first  diviuoii 


t  The  ieneth  of  oiw  nf  Ihese  equal  parU  al  Um  eiH  of  the  K>b  lo  which  ihii  deKriplion  nien  i 
ar  Rf ;  Ihs  length  of  one  of  ihs  eifiul  pani  of  the  Kals  of  iba  otbei  end  uoiifi  ilw  half  of  u* 


COBSTBUCnoN   OF  THE  PLANE   SCALE.  13 

■n  the  line  cd,  draw  a  dia^nal  line ;  then,  psiallel  to  that  line,  draw  diagonaJ  lines 
through  nil  the  other  dlvieioDB,  and  the  scale  h  complete.  Then,  if  any  nuniber, 
consisuiig  of  three  [ilBces  of  fifpires,  bb  356,  be  required  from  the  larger  HcuJe,  gd,  you 
must  pJHi^e  one  luot  of  the  cojii|)Hstte8  on  the  figure  3  on  the  line  riL,  tlieii  the  extent 
from  3  to  the  poiut  d  ivill  repreueut  300.  The  second  figure  being  5,  count  live  of  tha 
ivnoller  divincrin  from  if  lowarda  t,  and  the  extent  from  3  to  that  point  will  Iw  350 
Move  Iwlh  |K>inlB  of  tfie  coinpiiaBe«  downwards  till  they  are  on  the  xixtb  parallel  lins 
below  gd,  anil  open  them  a  little  till  the  one  point  resiB  on  the  vertii-al  line  diawn 
througji  2,  mid  tlie  other  on  the  diagonal  line  drawn  through  5;  the  extunl  then  in  the 
compaKses  will  represent  256.  In  the  Bume  way  the  quantities  35.6,  S.56,  0J356,  &c^ 
are  meaaured. 

Besides  tlie  lines  already  mentioned,  there  ia  another  on  the  Plane  Scale,  mnrited 
ML,  which  is  joined  to  a  line  of  chords,  and  shows  how  many  miles  of  easting  or 
westiiiR  correxpond  to  a  den'ee  of  longitude  in  every  latitude.*  Thesti  several  lines  are 
g«nemTly  put  on  one  side  m  a  ruler  two  feet  long;  and  on  the  other  side  is  laid  down 
a  scale  of  tlie  logarithms  of  the  sines,  tangents,  and  numbera,  whiuh  is  commonly 
called  Gunter^  Scale ;  and,  as  it  is  of  general  use,  it  requires  a  particular  description. 

*  Aa  :i  would  eonfiuf  the  aqioined  fi^rc  to  dncribe  m  it  the  line  of  longitude*,  it  is  Deflected,  but 
tbeCMulruclianii  u  rollowsi  divide  the  line  CB  mio  60  equal  paru  (if  il  can  lie  doiie),  mid  through 

poinu  of  inieneeiiofl  to  the  line  of  ehmdi,  BD,  and  iten  i 
aad  ii  irill  br  Iba  liua  of  kugitudn,  eomtpaudiiig  lo  (ha  ile| 
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GINTER'S   SCALE. 


On  Gunlcr'B  Si-«le  an  eight  lines,  fix. 

Ibl  Sine  rhumbs,  markeil  (SR),  coireBponding  to  the  logarithms*  of  th«  naturtf 
Muea  of  every  point  of  the  mariiit'r's  coinpasK,  numbered  from  the  left  liantl  lowank 
the  right,  with  1,  2,  3,  4,  5,  6,  7,  to  8,  where  ia  a  braie  pin.  This  line  is  ulao  divided, 
whi^re  it  can  be  done,  into  halves  and  qiiaHere. 

2dly.  Taiigem  riiutnba,  marked  (TRJ,  con-eapond  to  the  logaritlims  of  the  taiiRente  of 
every  point  of  the  Mim|iaaH,  and  are  Qiiiiibered  1,  2,  3,  to  4,  Ht  tlie  right  hand,  where 
tliere  is  b  pin,  and  thence  lowards  the  left  hand  with  5,  6,  7 ;  it  is  also  divided,  where 
it  can  be  done,  into  lislves  and  quartern 

3dly.  The  line  of  uuinbere,  marked  [NuraAcoiTeB])onda  CO  tliB  loBiirithms  of  numlierB. 
and  is  marked  thus:  pear  the  left  hand  it  begins  at  1,  Mid  towanls  the  right  hand  are 
a,  3,  4,  5,  6,  7,  8,  9 ;  and  1  in  tile  middle,  at  which  is  a  brass  jiln;  tiien  2,  3,  4,  5,  6, 
7,  8,  9,  and  10,  at  the  euil,  where  cliere  is  another  pin.  The  values  of  these  nuinbera 
end  their  intermediate  divisions  de|>end  on  the  estimated  valutwof  tlie  extreme  Humbert 
1  and  10 ;  and  as  this  line  is  of  great  imix>rtance,  a  particiitar  dtiwriptiou  uf  It  will  be 
given.  The  firet  1  may  be  counted  for  1,  10,  100,  or  1000,  &c^  and  then  the  next  2 
will  be  a,  20,  200,  or  3000,  Si^.,  respectively.  Again,  die  firat  1  may  be  reckoned 
1  tentli,  1  hundruiith,  or  1  thouaandtli  part,  &c. ;  titen  the  next  will  be  2  tenth,  or 
S  huiidredlh,  or  2  thousandth  parts,  &c. ;  so  that  if  the  first  1  be  esteemed  1,  the 
middle  1  will  be  10 ;  2  to  its  right,  20 ;  3, 30 ;  4,  40 ',  end  10  at  the  end,  100.  Again,  if 
(he  first  1  is  10,  the  next  2  is  20,  3  is  30,  and  so  on,  making  the  middle  1,  100;  the 
next  2  ia  200,  3  is  300,  4  is  400,  and  10  at  the  end  is  1000.  In  like  manner,  if  tlie  first 
I  bo  esteemed  1  tenth  part,  the  next  2  will  be  2  tenth  parts,  and  the  middle  1  will  be  1 ; 
tlie  next  2, 2;  and  lOat  theend  will  be  10.  Again,  if  tlie  first  1  be  counted  1  hundredth 
part ;  tlie  next,  2  himdredth  parts ;  the  middle  1  will  be  10  himilreilth  parts,  or  1  tenth 
|iBrt :  and  the  next  2,  2  tenth  parts ;  end  10  at  the  end  will  be  hut  one  whole  number 

As  the  figiin^  are  increased  or  diminished  in  their  value,  so  in  like  manner  must  all 
the  intern II ;diiite  strokes  or  subdivisions  be  increased  or  ilitiiiniuhe*! ;  tliat !»,  If  thf  lirsi 
I  at  the  left  hand  be  counted  l,then  2  (next  following  it)  will  be  2,  and  each  subdivision 
between  them  will  be  1  tenth  port;  and  so  all  the  way  to  the  middle  1,  which  vnll  be 
10 ;  the  next  2, 20 ;  and  the  longer  strokes  between  1  and  2  are  to  be  counted  from  1 
thus,  11,  12  (where  is  a  bnujB  pin) ;  theu  13,  14,  15,  sometimes  a  longer  stroke  than  the 
rest ;  then  16,  17,  IS,  19,  20,  at  the  figure  2 ;  and  in  the  same  manner  the  short  strokes 
between  the  figtires  2  auil  3,  3  and  4,  4  and  5,  &C.,  aic  to  be  reckoned  as  units.  Again, 
if  1  at  the  left  hand  be  10,  the  figures  between  it  and  the  middle  1  wUI  be  common 
tens,  and  die  subdivisions  between  each  figure  will  be  units ;  from  die  middle  1  to  10 
uithu  end,  each  figure  will  lie  so  many  hundreds;  and  between  tlicee  figures  each 
longer  division  will  be  10.  From  this  description  it  will  be  easy  to  find  die  divisions 
reprosentiiig  any  given  numlwr,  thus:  Suppose  the  point  representing  the  number  12 
were  required ;  take  the  division  at  the  figure  1  in  die  miildle,  for  the  first  figure  of 
12;  then  (or  the  second  figure  count  two  tenths,  or  longer  strokes  to  the  right  hand, 
Itnd  this  will  be  the  point  representing  12,  where  the  brass  pin  is. 

^gatn,  suppose  the  numlwr  22  were  required ;  the  first  figure  3  is  to  be  fbund  on 
tbe  scale,  and  for  the  second  figure  2,  count  2  tenths  onwards,  and  that  is  the  point 
representing  22. 

Again,  sii)ipoBe  1728  were  nsquu^d ;  for  the  firat  figure  1,  I  cake  the  middle  I,  for 
tlie  second  figure  7,  count  onwards  as  before,  and  that  will  be  1700.  And,  as  the 
remaining  figures  are  28,  or  neaHy  30,  I  note  the  point  which  is  nearly  Aof  the 
distBnce  between  the  mailiB  7  and  8,  and  this  mil  be  the  point  representing  1728. 
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ir  tlin  point  represeutjog  435  was  requusd,  firim  the  4  in  the  second  interval  coiiiit 
lowHrdsSon  tlie  right,  three  of  the  larger  divisions  and  one  of  the  smaller  (thisBiimllpr 
divimon  being  midway  between  the  markB  3  and  4),  and  that  will  be  the  divbi'iD 
expRi«iiig  4!m.     In  a  eiinilar  manner  other  nurnbeTs  may  be  found. 

All  TroctionB  found  in  this  line  muM  lie  decimals}  and  if  tliey  are  not,  they  musi  bi 
reduced  inio  decimals,  wliich  is  rasUy  done  by  extending  the  compasses  from  the 
denominator  lo  the  numerator ;  thai  extent  laid  the  same  way,  from  1  m  the  middle  o' 
ri^t  Iiand,  will  rench  to  the  decimal  required. 

Example.  Required  the  decimal  fi^ctitm  equal  to  1-  Extend  Irom  4  to  3 ;  that 
extent  wilt  reach  from  1  on  the  middle  to  .75  tiiwards  the  left  hand.  The  like  may  bo 
observed  of  any  other  \ti]gHr  fraction. 

Multiiilication  is  perlbrined  on  tliis  line  by  extending  from  1  to  the  multiplier;  that 
exient  will  reach  from  the  multiplicand  tu  the  proilucL 

Suppose,  for  example,  it  were  required  to  find  tlie  product  of  16  multiplied  by  4; 
exteiiil  from  1  to  4;  that  extent  will  reach  Iroin  l(!  to  04,  the  |iro(luct  requireiL 

Division  being  the  reverse  of  iiiuliiplicuiinn,  therefore  extend  from  the  divisor  to 
tuii^' ;  that  extent  will  r<»ch  from  tlje  ilivjdeuil  to  the  quotient. 

Sup)io«ef>4  to  bo  divided  by  4;  extend  fhini  4  to  1;  that  extent  will  reach  fVoin  64 
to  Ui,  llie  quotient. 

Qurarions  in  the  Rule  of  Three  are  solved  hy  this  line  as  followB :  Extend  IKmi  the 
fiiat  tern-  to  tlie  second ;  that  exient  will  reach  fh>m  the  third  term  *  to  the  fourth. 
Anil  it  ougbt  lo  be  [Mrtlcuiurly  noted,  timt  if  you  extend  to  the  left,  from  tlie  firat 
niuiiher  to  the  second,  you  must  also  extend  to  the  left,  from  the  third  number  to  the 
fiiurth ;  and  the  contrary. 

Example.  If  the  diameter  of  a  circle  be  7  inches,  and  the  cu^umferencc  iiS,  what 
is  tlie  ciiviimference  of  anotlier  cin'le,  the  diameter  of  which  is  14  inches  ?  Extend 
Stiiii  7  to  '22 ;  tliat  extent  will  reach  from  14  to  44,  the  same  way. 

TliP  sujierficinl  content  of  any  parollelogrnm  is  found  by  extending  from  1  to  the 
'imulth :  Jiot  .extent  will  reach  Irom  the  length  to  the  Ruperficial  content. 

Example.  Suppose  a  plank  or  board  to  be  IS  inches  hroad  and  'J7  feet  long,  the 
eonteiit  of  which  a  required.  Extend  trom  1  to  1  foot  3  inches  [or  1  3S] ;  that  extent 
will  rrach  Irom  37  feet  to  33.75  feet,  the  superficial  content.  Or  extend  from  12  inches 
to  IS,  &r. 

Tlie  solid  content  of  any  hale,  box,  chest,  &C.,  is  found  by  extending  from  1  to  the 
breadth  ;  that  extent  will  reach  finm  the  deplli  to  a  fourth  number,  and  the  extent  from 
1  to  thai  fourth  nmiibi;r  will  reach  from  the  length  to  the  solid  content. 

ExAWM-E  I.  What  is  the  content  of  a  square  pillar,  whose  length  is  lil  feet  9 
inchfti,  and  lireailtli  1  foot  3  inches?  The  extent  from  1  to  1.25  will  reach  from  \.2S 
to  IJSt),  iliK  coiiteni  of  one  loot  in  length;  again,  tlie  exient  f^oni  1  to  1.56,  will  reach 
&om  ihe  leiiKlh  31.75  to  SUi,  or  34,  tlie  solid  content  m  feeL 

Example  11.  Siip|>o8e  a  sffiiare  piece  of  timlter,  1.35  feet  broad,  .56  deep,  and  36 
long,  be  given  to  finil  the  conieuL  iLxterid  from  1  to  1 J25 ;  that  extent  will  reach  from 
.36  to  .7 ;  then  extend  from  I  to  .7 ;  ihat  extent  will  ntach  from  36  to  25.3,  the  solid 
content.  In  like  manner  may  the  contents  of  bales,  &C.,  be  foimd,  which,  being  divided 
by  40,  will  give  the  number  of  Ions. 

4thly.  The  line  ofsines,  m(ui(«d  (Sin.),  corresponding  to  the  lo^.sbesof  the  degrees 
of  the  quadrant,  beginn  at  the  left  han<l,  and  is  nnmlienid  to  the  right,  1,  2,  3,  4,  5,  &c_ 
to  ID ;  then  2U,  30,  40,  &C.,  ending  at  90  degrees,  where  is  a  btaee  centre-|iin,  as  there 
is  at  the  right  end  of  all  the  lines. 

Stilly.  The  line  of  versed  sines,  marked  (V.  S.),  corresponding  to  the  log.  versed  unes 
of  the  degrees  of  the  quadrant,  be^ns  at  the  right  hand  agniiist  90°  on  the  sines,  and 
fitim  thence  is  numtieriHl  loworde  the  left  hand,  10,  20, 30,  40,  &C.,  ending  at  the  left 
hand  at  about  109° ;  each  of  the  niUli visions,  from  10  to  30,  is  in  general  two  degrees ; 
Irom  thence  to  90  is  single  degrees ;  from  thence  to  the  end,  each  degree  is  divided  into 

6(hly.  The  lineof  tangenti^roMked  (TangAcorresponding  to  the  tog.  tangents  of  the 
degrees  of  the  quadrant,  bepna  U  the  left  hand,  anil  is  nuinliered  towanfa  the  right, 
1, 2, 3,  &.C.  to  10,  and  so  on,  20, 30, 40,  and  45,  where  is  a  liraw  pin  uniler  !I0°  on  the 
sines ;  from  thence  it  is  numbered  backwards,  50,  BO,  70,  80,  &c.  to  89,  ending  at  the 
lefi  hand  where  it  began  at  1  degree.  Tlie  BubdivisionB  ore  nearly  iimilar  to  lliix*:  of 
the  sinea.  When  you  have  any  extent  ui  your  coinpaaees,  to  be  set  oiT  from  anv 
number  less  than  45°  on  the  line  of  tangents,  towards  the  right,  and  it  is  found  to  reach 

•  Or  you  rnnv  enend  from  ibc  lini  lo  the  third ;  for  thni  eiieiil  will  raaeb  fiain  th«  tecond  lo  ibt 
feunb.  Tbii  melhod  inuii  he  iidonied  when  uainc;  ihe  lines  ot  siiies.  UngBDU,  Ax.,  i(  ihe  fint  aud  iliiM 
lemi  ale  of  Itae  tame  oame,  sad  diSerant  fram  £e  second  and  rourth. 
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beyond  the  mark  of  45°,  you  mux  lee  how  ftr  it  eiteodfl  beyond  that  maitc,  and  let  ll 
on  from  45°  towards  the  left,  and  see  what  degree  it  falb  upon,  wliieh  will  lie  the 
tiumher  soueht,  which  muBt  exceed  45^ ;  if,  on  the  contrary,  you  are  lo  set  off  such  a 
dinance  to  uie  right  from  a  number  greater  than  iff',ya»  must  ))n>rced  as  before,  only 
remembering,  that  the  answer  must  be  lees  than  45°,  and  you  must  always  counder 
the  degrees  above  45°,  aa  if  they  were  martied  on  the  continuation  of  the  'line  to  thft 
right  h«nd  of  45°. 

7chly.  The  line  of  the  meridional  parts,  marked  (Mer.),  begins  at  the  right  hand,  aD>- 
is  numbered,  10,  %,  30,  &c^  to  the  left  hand,  where  it  ends  at  87  degrees.  This  line, 
with  the  line  of  equal  pans,  marked  (E.  P.),  under  it,  are  used  together,  and  only  in 
Mercstor's  Sailing,  The  upper  line  contains  the  degrees  of  the  uieridiiui,  or  latitude 
in  a  Mercalor's  chart,  corresponding  to  the  degrees  oflongitude  on  the  lower  tine. 

The  use  of  this  Scale  m  solving  tKe  usual  problems  of  Trigoiiometry,  Plane  Sailing 
Middle  Latitude  Sailmg,  and  Mercalor's  Sailing,  will  be  given  in  the  course  of  tlm 
work ;  hut  it  will  be  unnecessary  to  enter  into  an  explanation  of  its  ut«  in  calculBting 
(he  common  problems  of  Nautical  Agronomy  aa  ft  is  much  more  accut«te  to  perform 
those  oatculationa  by  logarilhiiH. 
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ON    THE    SLIDING    RULE. 


Tat  SMiMngRnkcomisIB  of  Ajixtd  part  and  I.  dider,  and  iiof  die  same  Himenrioiii, 
■nd  has  ^e  some  lines  marked  on  it  hb  od  a  common  Giinier'd  Scale  or  Pliuie  Scale, 
which  moj  be  used,  witli  a  pair  of  compaaseB,  in  the  same  manner  as  tlioae  »^ales; 
and  as  a  descripiion  of  ihose  lines  has  already  been  given,  it  will  lie  iiiiiicceKsun'  to 
repeat  it  here,  it  bebg  sufficient  to  observe,  that  there  are  two  linea  of  niiiiilwrs,  a  line 
of  log.  unes,  and  a  line  of  log.  tangents,  on  the  slider,  aud  that  it  may  be  sliified  so  u 
to  fix  any  bee  of  it  on  eitlier  side  of  the  fixed  part  of  the  scaJe,  accorduig  to  the  nature 
of  the  question  to  be  solved. 

In  aolving  any  problem  in  Arithmetic,  Trieonometry,  Plane  Sailing,  Si.c^  let  the 
proi)OBi[ioii  be  bo  stated  that  the  Sral  and  third  terms  may  be  alike,  and  of  course  th< 
wcond  and  fourth  terms  alike;  then  bring  Ihe^finl  term  of  ihe  anoio^  on  Uiefiztd  ^art, 
Vtdiut  tiu  taxmd  lenn  on  Iht  Mider,  and  o^oirut  Uu  tAird  Icrm  on  tte  fxtd  part  snU  bt 
fiwid  the  fourth  term  on  the  alider;'  or,  it  necewary,  the  first  and  IfiinI  lenns  mity  bo 
found  on  the  slider,  and  the  second  and  fourth  on  the  fixed  part.  Multiplication  and 
divisioQ  ate  perfonned  by  this  ruie,  in  considering  uniOf  as  one  of  the  terms  of  the 
■nalogy. 

Thus,  to  perform  multiplication;  set  1  on  the  line  of  numbers  of  the  fixed  put, 
against  one  of  tlie  factors  on  the  Ime  of  numbers  of  the  eliiier;  then  against  the  other 
&tor,  on  the  fixed  |>art,  will  be  fouttd  the  product  on  tlie  slider. 

ExAHi-LE.  To  find  the  product  of  4  by  12 ;  draw  out  the  slider  till  1  on  the  fixed 
part  coincides  with  4  on  tlie  slider ;  then  opposite  12  on  the  fixed  part  will  be  found  46 
en  the  alider. 

To  peHbnn  division;  set  the  divisor  on  the  line  of  numbeis  of  the  fixed  part  againm 
1  on  the  Klliler ;  tlien  agatiisi  tlie  dividend  on  the  fixed  part  will  be  found  Aie  quotieal 
m  the  slider. 

Example.  To  divide  46  by  4;  set  4  on  the  fixed  part  against  1  on  the  alider;  then 
against  48  on  the  fixed  pan  wjll  be  found  12  on  the  slider. 

EXAMPLES  IN  THE   RULE   OF  THREE. 
If  a  ship  sad  35  miles  in  4  hours,  how  many  miles  will  ahe  sail  in  13  houra  at  the 

Brine  4  on  the  line  of  numbera  of  the  fixed  part  against  35  on  the  line  of  numben 
of  the  stiller ;  then  against  12  on  the  fixed  part  will  be  found  75  on  the  slider,  which  is 
llie  answer  required. 

Example.     IfS  pounds  of  sugar  cost  31  cents,  what  will  27  pounds  cost? 

Bring  3  on  the  line  of  numbers  of  the  fixed  pan,  against  21  on  the  line  of  numben 
of  the  slider ;  then  against  27  on  the  fixed  part  will  be  fotmd  189  on  the  slider. 

EXAMPLE   IN  TRIOONOMETRT. 

In  the  oblique-snjfled  trisnsle  ABC,  let  there  be  given  AB  =  5t%  ^ 

ACii:64,angle  ABC=:46°%',  to  find  the  other  anglee  and  the 
Ai'BC. 

In  this  case  we  have  (by  ,/9rt  56,  Oeotiteti;)  the  following 

AC(64):aine8ngleB(4ff>30')::AB(56}:aineangfeCi  and  sine  angle  B :  AC ::  sine 
■njgle  A  :  BC  Therefore,  to  work  the  first  proportion  by  the  sliiling  rule,  we  must 
tsiDgM  on  the  line  of  numbeis  of  the  fixed  uart  Sj^nsl  4b^  SCK  on  tlie  line  of  lines  of 
the  Mider ;  then  against  56  on  the  former  will  be  ^  34'  on  the  latlei,  which  will  be 

*  irthe  fim  uid  tecond  lenn*  an  aliki,  inlesd  or  Ibe  Sm  aad  ttinl,  you  miut  brin^  the  fi-ii  term 
«a  the  glider  agsliul  the  third  on  IJh  filed  pan,  and  i^nil  the  leeaid  leim  on  uie  ilider  will  br  (bund 
lb.  t—Tth  i.rn.  I-  >)..  UihI  pgn  ;   or,  if  Dereuarf,  Ibe  Grtl  utd  wcoihI  icnni  may  be  found  on  the 


ue  lounn  term  on  ine  njrea  pan  ;   oj 
faed  p«n.  and  the  third  and  tbuith  oi 
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the  uiffle  C.  The  sum  of  the  snglee  B  Hiid  C,  beiag  Buhtncted  from  180°,  leavea  ttie 
angle  A  =  SM"  ff.  Then,  by  the  second  canon,  bring  the  angle  B  =  46°  ■]ff,  on  tha 
line  of  sineti  of  the  Blitler  agabst  AC:=64,oa  the  line  of  numbera  of  the  fixedpait: 
thenHgainBlthi4ang]eA  =  94°6'  [or  in  supplement,  85°  54')  on  the  elider  will  be  foiUH] 
the  side  BC  ^Ci8  on  the  fixed  port. 

In  a  siriiilar  manner  may  the  other  propowtioni  in  Trigonometrj  be  solred. 

Prom  what  has  been  said,  it  will  be  eoEiy  to  work  all  Uie  probiems  in  Plnne,  Middle 
latitude,  and  Mercator'a  Sailing,  as  in  the  three  following  examples,  whirh  the  learner 
tnay  paas  over  until  he  can  solve  the  same  problems  by  uio  Bnale.  If  any  one  wiahwr 
to  know  the  use  of  the  Sliding  Rule  in  prootenia  of  ^hericiil  Trigonometry,  lie  may 
consult  the  treatises  wrinen  expressly  on  that  subject ;  but  it  niay  be  observed,  that  in 
such  calculations  the  Sliding  Rule  is  rather  an  ok^ect  of  curiosity  than  of  real  use,  as  it 
IB  much  more  accutBle  to  moke  use  of  logarithms. 

ExAMFLB  I.  Given  the  course  sailed  1  point,  and  tbe  distance  85  miles;  requirvd 
the  difference  of  latitude  and  departure. 

By  Case  I.  of  Plane  Sailing,  we  have  these  canons; — 

fUdiuH  (8  points)*  Distance  (851::  Sine  Co.  Course  (7  points) :  Difference  of  Latitude ' 
and  Radius  (a  points) :  Distance  (BS) : :  Sine  Couree  (1  point)  i  De|>arture. 

Hence  we  must  bring  the  radius,  8  points,  on  the  Sjc^  part  of  the  sine  rhumfaa 

Ssinst  65  on  the  line  of^numbeis  on  the  slider ;  then  against  7  points  on   the  sine 
unibe  will  be  found  the  difference  of  luitiide,  SSi,  on  the  slider,  and  against  I  point 

will  be  found  the  departure,  IGi  miles. 
If  the  courae  is  given  in  desreee,  you  must  use  the  line  marked  (Sin.) 
G)(AM7i.B  II.     Given  the  ditlerence  of  latitude,  40  miles,  and  departure,  30  miles 

remiired  the  course  and  distance. 

By  Case  VI.  of  Plane  Sailing,  we  have  this  canon  for  the  course : — 
Difference  of  Latitude  (40) :  Radius  (45°) : :  Departure  (30) :  Tim^nl  Course. 
Hence  we  rnust  bring  40  on  the  line  of  numliers  of  the  slider  agamst  45°  nii  the  line 

of  tangents  on  the  fixe^part;  then  against  30  on  the  slider  wUl  be  found  the  coursa, 

37^,  nearly. 
Again,  the  canon  for  the  distance  givee 
Sine  Course  (37°) :  DeiNuture  (30) : :  Radius  (90°) :  Distance. 
Hence  we  must  bring  37°  on  the  line  of  sines  of  Uie  fixed  part  against  30  on  the  lim 

of  numbeiB  on  the  slider ;  then  against  90^  on  the  line  of  sines  of  the  fixed  port  wiU  jt 

found  the  distance,  50,  on  the  slider. 

ExAUPLE  III      Given  the  middle  latitude,  40^,  and  the  depwture,  30  miles ;  requii«d 
he  ditTercnce  of  lonsimde. 
Bv  Cose  VI.  of  Middle  latitude  Sailing,  we  have  this  canon  :— 
Sine Comp.  Middle  Latitude  (50°)  :  De|>aitiitv  (30) : :  Railius  (90°) :  Difference  Long 
Hence  by  bringing  50°,  on  the  line  of  siues  of  the  fixed  part,  agHiiisi  30  on  the  line 

iiT  numbers  on  the  slider,  then  against  90°  on  the  fixed  luut  we  shall  find  39  on  tbt 

lUder,  which  will  be  tbe  difierence  of  longitude  requireti. 
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DESCRIPTION  AND  USE  OF  THE  SECTOR 


Tail  inBtrumenl  conaistB  of  two  rulea  or  legs,  movable  round  an  axis  or  joint,  as  « 
ceutre,  having  several  scales  drawn  on  the  lnceB,80me  auiEle, othere  double;  tlie  Hingle 
scales  are  like  those  upon  a  common  Gunter's  Scale ;  the  double  scales  are  those  wlncb 
proceed  troiii  the  centre,  each  beins  laid  twice  on  the  game  ftce  of  iho  inetruinent,  viz. 
once  on  each  leg.  From  these  BcaJes,  dimensionB  or  dintances  are  to  be  taken,  when 
the  legs  of  the  instrument  are  set  in  an  angular  position. 

The  single  scales  being  used  exactly  like  those  on  the  common  Gunter^  Scale,  it  is 
unnecessary  to  notice  them  particularly;  we  shall  therefore  only  mention  a  few  of  tlie 
uses  of  the  double  scales,  the  number  of  which  is  seven,  viz,  the  scale  of  Lines,  marked 
Lin.  or  L. ;  the  scale  of  Chords,  marked  Cho.  or  C. ;  the  scale  of  Sines,  marked  Sin. 
or  S. ;  the  scale  of  Tangents  to  45°,  and  another  scale  of  Tangents,  from  45°  to  almul 
76°;  bolli  of  which  are  marked  Tan.  or  T. ;  the  scale  of  Secants,  marked  Sec  or  8, ; 
and  the  scale  of  Polygons,  marked  PoL 

The  scales  of  lines,  chords,  sines,  and  tangents  under  4S^,  ere  all  of  the  some  rnilius, 
beginning  at  the  centre  of  the  inslrumenl,  and  terminating  near  the  otlier  extremity  of 
each  leg,  viz.  the  lines  at  the  division  10,  the  chords  at  60°,  the  sines  at  90°,  and  the 
tan^nlB  at  45° ;  the  remainder  of  the  tangents,  or  those  above  45°,  are  un  other  scales, 
beginning  at  a  quarter  of  the  length  of  the  former,  counted  from  the  centre,  where  they 
are  marked  with  45°,  and  extend  to  about  76  degrees.  The  secants  also  begin  at  the 
Mme  distance  from  tlie  centre,  where  they  are  marked  with  0,  and  iu«  from  ihence 
continued  to  75°.  The  scales  of  polygons  are  set  near  the  inner  edge  of  the  legs,  and 
where  these  scales  begin,  they  are  martted  with  4,  and  from  thence  are  numbered 
backward  or  towards  the  centre,  to  13. 

In  describing  the  use  of  the  Sector,  the  terms  lateral  dittance  and  traravern  dalane* 
often  occur.  By  the  former  is  meant  the  distance  token  with  llie  compasses  on  one. 
of  the  scales  only,  beginning  at  the  centre  of  the  sector  j  and  by  the  latter,  the  distanc* 
taken  between  any  two  corresponding  divisions  of  the  scalee  of  the  same  name,  the 
.lees  of  the  sector  being  in  an  angular  position. 

The  use  of  the  Seclor  depend  upon  the  proportionality  of  the  corresponding  sides 
of  nmilar  triangles  (demonstrated  m  .4rl  S3,  Geometrv).     For  if^  n 

in  the  triangle  ABC, we  take  Afi^AC,and  AD=:AE1,  and  draw 
DE;  BC,  it  IB  evident  that  DE  and  BC  will  bciiarallel ;  therefore, 
hy  the  above-mentioned  proposition,  AB  :  BC  ::  AD  :  D£;  so 
dial,  whatever  pan  AD  is  of  AB,  die  some  part  DE  will  beofBC; 
nence,  if  D  E  be  the  chord,  sine,  or  tangent,  of  any  arc  to  the  rsdius  c 

AD,  BC  will  be  the  same  to  the  radius  AB. 

Use  of  the  line  of  Lines. 

The  hne  of  lines  is  useful  to  divide  a  given  line  into  any  number  of  equal  parts,  oi 
'.B  any  proportion,  or  to  find  tblrd  and  fourth  proportionarB,  or  mean  proportionals,  or 
to  increase  a  given  line  in  any  proportion. 

Example  I.  To  divide  a  given  line  into  any  number  of  equal  pnrlB,  as  suppose  9 , 
■nake  the  length  of  the  given  tine  atransverae  distance  to  9  and  9,the  number  of  [urns 
proposed ;  then  will  the  transverse  distance  of  1  and  1  be  one  of  the  parts,  or  the  ninth 
)iartof  the  whole;  and  the  ttanaversc  distance  of  2  and  3  will  be  two  of  the  equal  partem 
or  I  of  the  whole  line,  fcc 

EuMFLE  II.  If  a  ship  sails  52  miles  in  B  boura,  how  much  wouM  she  sail  in 
3  houTS  at  the  same  rate  ? 

Take  52  in  your  compasses  as  a  transverse  distance,  and  set  it  off  fit»m  8  to  8 ;  (hep 
the  tiansveiBe  distance,  3  and  3,  being  measuml  laterally,  will  be  found  equal  to  19  ant* 
•  half,  whkb  is  the  number  of  miles  required. 
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Example  IIL  Having  a  chan  constructed  upon  a  ncaie  vf  0  inili*  to  an  'ir.eh.  i>  ■ 
required  to  opeu  the  Sector,  no  tliui  a.  coireapoiiduig  tcttin  ioay  He  tam.n  {twa  uit,  hrtn 
ofruieB. 

Muke  the  transverse  distance,  6  and  6,  equal  'xt  1  inch,  and  thu  pon^B  of  the  sector 

will  proiluce  the  given  scale. 

ExAHFLR  IV.  It  ta  required  to  reduce  a  scale  of  6  inches  to  a  degree  to  another 
of  3  iiit'lie»  to  a  degree. 

Hake  the  traRBverae  diHtBiice,6  and  6, equal  to  the  lateral  distance, 3  and  3;  then  set 
off  aiiy  liJHUince  from  the  chart  laterally,  and  the  correspoudiiig  traiisverae  distance 
will  be  tilt;  reiluced  distance  required.  ^ 

ExAHFLE  V.     One  ude  of  any  triangle  being   given,  of  any 
iMigtli,  lo  ineaaure  the  otlier  two  sides  aa  the  same  scale. 

Supiiotn  ilie  side  AB  of  the  triangle  ABC  measures  50,  what 
an;  tln!  rmiBsiirBB  of  the  other  two  sides?  ^         es        " 

Take  A  It  in  your  coinuoBses,  and  u|iply  it  transrernely  to  50  and 
SO;  to  iliis  opening  ot  the  Stxtor  ajijily  the  distance  AC,  in  your  compnBsee,  to  the 
same  nuiiilwr  on  bolli  sides  of  the  rule  trrnisveraely ;  and  wtien^  the  two  points  fall  will 
be  the  iiieaiHire  iiu  the  line  of  lines  of  the  distance  required ;  the  distance  AC  will  fell 
against  l>j^  G3,  and  BC  against  45,  45,  on  the  line  cf  Imea. 

Ust  of  the  Une  of  Chords  9H  the  Sector. 

The  line  of  chords  upon  the  Sector  is  very  uni'ful  for  protracting  any  angle,  when 
the  paj>er  rsMO  wnaJl  that  an  arc  cannot  be  drawn  upon  it  witli  the  radius  of  a  common 
line  ot  chords. 

SupiKise  it  was  required  to  set  off  an  arc  of  30**  &am  the  point  C  of  the  small  uircle 
ABC,  whose  centre  le  D. 

Taketlie  radius,  DC,  in  yourcompa8aea,andBetit  off  iransverttely 
thnn  G0°  to  60°  on  the  cbonla;  [hen  take  the  transverse  extent  Iroin 
30°  to  30°  on  the  cliorde,  and  place  one  footof  thecompasaes  in  C: 
the  other  will  reach  to  E,  and  CK  will  be  the  arc  required.  And 
by  the  converse  operation,  any  anele  or  arc  may  be  measured,  viz. 
witli  Hiiv  nulJiiM  describe  an  arc  almut  the  angular  point;  set  that 
:ly  from  60°  to  60° ;  [hen  take  the  distance  of  the 


arc,  intercepted  between  the  two  lugs,  and  apply  it  transversely  to  the  chords,  which 
will  sljow  tliB  degrees  of  the  given  angle. 

.Vole.  When  the  an^le  to  be  protracted  exceeds  60°,  you  must  lay  off  60°,  and  then 
the  ruiitnining  imrt;  or  d*  it  be  above  YXf,  lay  off  60°  twice,  and  then  the  remniuiug 
part.    And  in  a  similar  maimer  any  arc  above  60°  may  be  measured. 

Uses  of  the  Knes  of  Sines,  Tattgents,  and  Secants. 

By  the  several  lines  disposetl  on  tlie  Sector,  we  have  scales  of  several  redii ;  so  lliat. 
1st.    Having  a  lencth  or  radius  given,  not  exceeding  the  length  of  the  Sector  when 

Xned,  we  can  luidthe  chord,  siu<s  &c.  of  an  arc  to  that  radius;  thus,  suppose  tfa« 
nl,  sine,  or  tangent  of  SO  decrees  to  a  radius  of  3  inches  be  required.  Hake  i 
incliee  the  transverse  opening  to  W  and  60°  on  the  chords ;  then  will  the  same  extent 
reach  from  45°  to  45°  on  the  raneents,  and  from  90°  to  W  on  the  sines ;  so  thai,  lo 
whatever  radius  the  lines  of  chonlii  is  set,  to  the  same  are  all  the  otliers  set  also.  In 
this  disposition,  therefore,  if  the  muisvenw  distance  between  iA>°  and  2ff'  on  ine  chords 
be  taken  with  the  compass^  it  will  give  the  chord  of  3D  deg^^e8 ;  and  if  the  transversa 
of  20°  and  'XP  be  in  hke  manner  taken  on  the  sines,  it  will  be  the  sine  of  aO  degrees 
ond  lastly,  if  the  transverse  distance  of  '2CP  and  20°  be  taken  on  the  tangents,  it  will  be 
the  tangent  ofSO  deeises  lo  the  same  mlius  of  two  inches. 

Sdly.  If  the  chorJor  tangemof  70''were  required.  For  the  chord  you  mnst  first  set 
off  the  chord  of  60°  (or  the  radius)  upon  the  arc,  and  then  set  off  the  chord  of  10°.  To 
find  the  tangent  of  70  degrees,  to  the  sntne  radius,  the  scale  of  upper  tangents  inust  be 
used,  the  under  one  only  reaching  to  45°;  making  therefore  2  inches  the  transvetne 
distance  to  45°  and  45*  at  the  beginning  of  that  sc»le,  the  extent  between  70*  and  70* 
(Ml  die  same  will  be  the  tangent  of  70  degrees  to  2  inches  railius. 

Sdly.  To  find  the  secant  of  any  arc ;  make  the  given  radius  the  transverse  distancs 
between  0  and  0  on  the  secants;  then  will  the  tnuisvet«e  distance  of  20°  and  30°,  oi 
70*  and  70°,  give  the  secant  of  30°  or  70°  respecdvely. 
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4thl7.  It  the  radius  and  any  line  reprefleudne  a  Bine,  tniig«Dt,  or  secant,  be  given,  tha 
decTeee  coirtspondiiig  to  thu  lino  may  be  &uiui  by  Bettins  the  Sector  to  ibe  given 
nuuH,  Bcconling  as  u  sine,  tangent,  or  secant,  is  concerned ;  then,  tailing  the  given  line 
benveeo  tiie  eonipiisaes,  and  applying  the  two  Teet  transversely  to  the  proper  scaie,  tind 
■lidinK  the  feet  along  till  they  both  real  on  like  divisiotiBOD  both  le^  then  the  divtaioiis 
mil  ^ow  the  degrcea  and  parts  corresponding  to  the  given  line. 

Use  of  the  Une  oj  Polygons. 

The  use  of  this  line  is  to  inscribe  a  regular  poly^n  in  a  circle.  For  example,  let  ii 
be  lequired  to  inscribe  an  octsgon  or  polygon  of  eight  equal  aitlea,  in  a  circle.  Open 
the  Sector  till  the  tnuiHveree  distance  6  and  6  be  equal  to  the  mdiiia  of  the  circle ;  tlisn 
will  the  traoBveree  dintance  of  8  and  8  be  the  aide  of  the  inscribed  polygon. 

Uit  of  the  Sector  in  Trigonometry. 

All  proportions  in  Trigonometry  are  easily  worked  by  the  doable  lines  on  the  Sector; 
observing  that  the  aides  of  triangles  are  taken  upon  the  line  of  bnea,  and  the  angles  are 
taken  upon  the  aiuces  tangents,  or  secants,  accordiuc  to  the  nature  of  the  proportion. 
Thus,  it,  in  the  triangle  AUC,  we  have  given  AB  =  56,  AC  =  64,  and  the  angle 
ABC  =  46=30',  to  find  the  rest ;  in  this  case  we  have  (by  At  58,  Geometry)  the  follow- 
ing proponiona ;  Ab  AC  [64) :  sine  angle  H  (46°  SC) : :  AB  (56)  :  sine  angle  C ;  and  a* 
line  B  :  AC  : :  sine  A  ;  BC.  Therefore,  to  work  these  proportions 
by  the  Sector,  take  the  toteiHl  distance,  64  =i  AC,  from  the  line  of 
lines,  and  open  the  Sector  to  make  this  a  transvenie  distance  of 
46°  SO*  =  angle  B  on  the  sines;  then  lake  the  lateral  distance 
56::::  AJB  on  the  lines,  and  apply  it  transversely  on  the  sines,  which 
will  give  -%°  34'  —  angle  C.  Hence  the  sum  of  the  angles  B  and 
ChKP  54',  which  token  from  180°,  leaves  tha  angle  A^M-ff.  Then,  to  work  thie 
second  proportion,  the  Sector  being  aet  at  the  same  o|>eninff  as  before,  take  the 
transverse  distance  of  94°  6*^  the  angle  A  on  the  siue^  or,  winch  is  the  same  thuig, 
the  transverse  distance  of  its  supplement,  85°  54';  then  this,  applieii  laterally  to  tho 
fines,  gives  the  sought  side,  BC  =:  88.  In  the  same  manner  we  might  solve  any 
noblcm  in  Trigonometry,  where  tlie  tangents  and  secants  occur,  by  only  measuring 
Ike  transveree  di><tiince8  on  the  tangents  or  secants,  instead  of  measuring  them  on  tha 
ine^as  in  the  preceding  example.  All  the  problems  that  occur  in  Nautical  Astronomy 
Oh.y  be  Molved  by  the  sector ;  but  ss  the  calculation  by  logarithms  is  much  mora 
iBcnrals  il  will  be  uselen  to  enter  into  a  limher  detail  on  thia  subject 
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LOGARITHMS. 


Ill  order  to  nhhreTiHte  the  tedious  operatiom  of  muldpIicAtion  md  divinnii  wiin  Uife 
]uiml>crB,'s  lurries  of  niinibers, called  Logarithms,  was  inveiiled  by  Lord  Napie:,  Bajva 
(tf  MurcliitiHion  in  Scotland,  and  [mbtlalicd  iti  Edintiureh  iii  1614-,  b^  nieane  at  which 
tlie  operuLion  of  iiiultipliculioD  may  bit  performed  by  additiou,  imd  divinoa  by  Mibtrac- 
tion ;  nUDibers  may  l>e  Involved  to  anv  power  hy  ximple  tniilii|iIiciitioii,  tn^  u.e  root 
of  (uiy  power  exLructed  bv  simple  divitTioii. 

Id  Trdile  XXVI.  are  given  the  logaritjitikH  of  all  nnmhera  from  1  to  9999;  to  earh 
one  must  lie  prefixed  an  iixtex,  willi  a  in-riod  or  dot  to  scpamte  it  from  tlie  otiiiir  par^ 
tut  in  decimal  fractions ;  the  numbers  fi-om  1  to  100  are  publifhed  in  that  table  with 
their  indicia ;  Uit  from  100  to  91I0U  the  index  is  lett  out  for  the  sake  of  brevity ;  but  il 
may  be  siinplied  hy  this  general  nde,  viz.  The  index  of  the  loganlhm  of  any  ivitgtr  or 
mixed  number  is  aiwmt  one  lett  than  Oit  number  of  inLtf^nd  plarta  in  tiie  natural  manber. 
Thus  the  Index  of  the  liigHrithrii  of  any  numlmr  (blegral  or  mixed),  betweer  30  and 
100,is];rroin  100  to  1001^  it  is  2;  from  1000  to  10000  is  3,  &c.;  the  method  of  &idiiig 
the  logarithms  from  this  table  will  be  evident  from  ilie  following  examples. 

To  _find  the  logarithm  of  any  manber  leii  than  100. 

Role.  Enter  the  first  pn^  of  the  table,  and  op)io8ite  the  given  niuuber  will  b* 
ftnind  the  logarithm  with  its  mdex  prefixed. 

ThuB  opimoite  71  is  1.851^  which  ia  itx  logarithm 

To  find  the  logarithm  of  any  number  betwun  100  and  1000. 

Rdlb.  Find  the  given  number  in  the  lefl-hnnd  column  of  the  table  of  logarithmic 
and  immediately  under  0  in  the  next  column  is  a  numl>er,  to  which  iiilibc  bi:  prutixed 
the  uumlier  S  aa  an  iiidsx  (Iki^uhc  tlie  number  c;o]i8iBiB  of  three  places  of  figures)  and 
you  will  have  the  aonght  logtuithm. 

Thus,  if  the  logarithm  of  149  was  required ;  thia  number  being  fbund  in  the  left- 
hand  colunin,  a^inst  it.  In  the  column  marl(ed  0  at  tlie  top  (or  boltoiti),  la  found  17319 
to  which  prvfixiug  the  index  2,  we  have  ttie  logarithm  of  1^=^2.17319. 

To  Jtnd  the  logarithm  of  any  number  between  1000  and  10000. 

Rule.  Find  the  thjn«  left-hand  figures  of  the  given  number,  in  the  left-hand  column 
of  the  table  of  logarithma,  opiMwile  to  which,  in  the  column  that  is  mailed  at  tl>e  top 
(or  liottomj  with  the  fourth  figure,  is  to  be  found  the  sought  logarithm ;  to  wliict)  must 
tw  prefixed  the  index  '.i,  because  the  number  contains  four  places  of  figures. 

Thua,  if  the  logarithm  of  1495  was  required ;  op|K>site  to  149,  and  in  the  culuml) 
nmrketl  5  at  the  top  (or  Imttom),  is  174C4,  to  which  prefix  tlie  index  3,  and  we  have  tha 
•oiiglii  logBrithin,  3.17404. 

To  find  the  logarithm  of  any  number  above  10000. 

Rvht,  Find  the  three  first  figures  of  the  ^ven  number  in  the  left-hand  column  of 
tiie  table,  u)d  th4  fburth  figure  at  the  top  or  bottom,  and  take  out  the  com^iondjna 
ntiiiibcr  as  in  tne  preceding  rule ;  take  also  die  difference  between  this  logarithm  and 


ntiiiibcr  as  in  tne  preceding  rule ;  take  also  die  difference  between 

ihu  next  greater,  and  multiply  it  by  the  give    "      '^      .--i..-! <■-■- 

rrosa  off  at  the  right  hand  of  the  product 


greater,  and  multiply  it  by  the  given  number  exclusive  of  the  four  ntst  figures; 
'        '      '  '    hand  of  ih  '  "  .     .  - 
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diBD  the  tiinnber  of  integral  figures  in  the  givcD  DUiaber,  and  you  will  liave  the  lottshl 
logiiruluii.  To  faciiitalB  the  colcutaiion ortheae  proportional  parte, M:vt:rtU  uiiaJI  iuIiIli 
•re  placed  in  the  margin,  which  give  itie  orrcclion  corrFa{Kiniliiig  to  the  JifTerence  U, 
and  to  tbe^|{/UfiKur«of  the  propoaed  nuinb«r.  Ttie  uaeortliuwi  tal>le8  will  be  seen  in 
[he  foUowiDg  examplea. 

Thua,irthe  logarithm  of  14957 wdb required;  opposite  to  149,Bnd  under  5, is  17464 , 
the  difKirencc  between  tliis  Etnd  the  next  grentcr  uunil>er,  I74!)3,  is  29,  the  diflereiice  U ; 
this  multiplied  by  7  (the  laM  figure  of  the  dven  niiinbitr)  gives  203;  cromine  aff  the 
right-hand  figure  leaves  20^  or  20  to  be  added  lo  17464,  which  mokes  17484;  to  thin 
prefixing  the  index  4,  we  liuve  tliu  soirgbi  lugarlthiii,  4.17484.  This  iwrreuiion,  20 
Diiiy  also  be  found  by  inspection  id  tlie  aiiiall  table  in  the  inar^n,  marked  at  the  top 
with  D=29,  and  opposite  to  thejyik  figure  of  tlie  number,  Dnriiuly  7,  at  the  side;  the 
correepoDding  number  ii  the  correction,  20. 

Again,  if  the  logarithm  of  149573B  wax  required ;  the  logarithm  corresponding  to 
149  at  the  left,  and  5  at  the  top,  is,  as  in  the  last  example,  174&1;  tlie  ditltrcni-e  l>etweeii 
this  and  the  next  greater  ia  29;  multipl^ug  this  by  738  (which  is  equal  to  the  jriveii 
3umher,  excluding  the  four  fir«ligureH)  tpves  21402;  croeaing  offllie  three  riKlil-ljaiid 
figures  of  this  product  (because  the  number  7li8  consists  of  three  figures),  we  liave  tlje 
jorroction  SI  to  be  added  to  174G4 ;  and  the  index  to  l>e  |jrefixeil  is  G,  becniiiie  tlia 
nven  number  consists  of  7  placennf  figures;  tlierefore  the  soiigbl  b^rithin  is  6.174S5. 
This  correction,  Sl^iay  be  found  ss  above,  by  means  of  the  marginal  table,  marked  at 
^e  top  withD  =  S9,aiid  at  the  dde  7.38  or  7^  nearly,  to  which  corresponds 31,  at 

To  find  the  logarithm  of  any  mixed  decimal  number. 

Rn.1.  Find  the  logarithm  of  the  number,  as  if  it  was  an  integer,  by  the  last  rule,  tu 
which  prefix  the  index  of  the  integral  part  of  tlie  given  number. 

Thus,  if  the  logurithia  of  the  mixed  decimal  149.5738  was  required ;  find  the 
logarithm  of  1495738,  without  noticing  the  ducijnal  point ;  this,  in  the  lain  example, 
was  found  to  be  1746S ;  to  this  we  must  preAx  the  index  2,  corresponding  lo  the  integral 
Dart  149;  the  logarithm  sought  will  therefore  be  2.17465. 

To  find  the  logarithm  of  any  decimal  fraction  less  than  unity. 

The  index  of  the  logarithm  of  any  numlier  les  than  unity  is  negative ;  but  to  avoid 
the  mixture  of  positive  and  negative  quaiiiitiea,  it  is  conunon  to  borrow  10  or  100  ir. 
tlie  bdex,  which  must  aAerwar^s  be  neglected  in  Bunitiiin^  them  witii  other  indices 


thus,  instead  of  writing  the  index  —  1,  it  is  usually  written  -{-9,  or  4-99;  liut  ij 
general  it  is  sufficient  to  borrow  10  in  the  index ;  and  tl  ii  lehai  lae  tkatl  do  in  the  ml 
tf  Ihia  worL  In  this  way  we  may  find  the  logarithm  of  any  decimal  traction  by  the 
following  rule. 

Bdlc  Find  the  logarithm  of  a  fraction  as  if  it  was  a  whole  numlier;  see  how  ntany 
sipheiB  precede  the  nret  figure  of  the  decimal  fruciioii,  subtract  that  number  from  9, 
■ud  the  reinainder  will  be  uie  index  of  the  given  traction. 

Thus  the  logarithm  of  0,03i)]  m  8.59216;  the  logaritlim  of  0:25  is  9.39794;  tb« 
wganthiii  of  0.WI00D25  is  4.39794,  &c 

To  find  the  logarithm  of  a  vulgar  fraction. 

Rule.  Subtract  the  logarithm  of  the  denominator  from  the  logarithm  of  tha 
numerator  [borrowing  10  in  the  index  when  the  denomuiator  ia  the  greatest);  tho 
femunder  will  be  the  K^arithm  of^  the  fraction  sought. 


EXAMPLE   I. 
Required  the  logarithm  of  |. 


Remainder,  log:  of  I  or  ^5.. 


EXAMPLE  II. 
Required  the  k>garithm  of  3^,  or  -^ 

Froinlog.on3 l-ll-®* 

Take  log.  of  4 OmUX 

ReniMnder,  k)g.  of  3i  or  325.. .  0.51  Iff 


To  find  Ike  number  corresponding  to  any  logarithm. 

RiTLE.  In  the  column  marhed  Out  the  topfond  bottom]  of  the  table,  seek  fbr  tliit  nex 

kaa  k^arithiii,  oegtecting  the  index ;  note  the  number  againM  it,  and  cany  jrour  eji 
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along  that  luie  until  you  find  the  nearest  leee  logedthm  to  the  given  one,  ann  ^u  nril 
bave  llie  founli  figure  of  the  given  Dumber  at  the  top,  which  is  to  be  placed  to  th« 
right  of  the  three  othei  figures ;  if  you  wish  for  greater  accuracy,  you  must  toko  th« 
difference,  D,  between  this  tabulu  logarithm  and  Qia  next  greater,  atso  the  difiereuc& 
d,  betneea  that  leeai  tabular  logurithm  and  the  given  ooe ;  to  the  latter  differeoce,  d, 
aiiuex  two  or  more  cipheis  at  the  right  hand,  and  divide  it  by  the  fontier  diSentnuv,  D, 
and  place  the  quUient*  to  the  right  hand  of  the  four  figures  already  found,  and  you 
will  have  the  ntunber  sought,  ezpreaaed  in  a  mixed  decimal,  the  integral  pan  of  which 
wilt  connat  of  a  number  (tf  figures  (at  the  left  band)  equal  to  the  index  of  the  logariltun 
incressed  by  uni^.f 

Thus,  if  the  number  corresponding  to  the  losarithm  1JS3634  was  required,  we  find 
S3634  in  the  coltunn  markeil  0  at  the  top  or  bottom,  and  opposite  to  it  is  33S ;  now, 
the  index  being  I,  the  sought  number  must  conust  of  two  inc^ral  places;  tberefbre  it 

iasae. 

If  the  given  logarithm  waa  2.32838,  we  find  thai  3S838  stands  in  the  columD 
marked  0  at  the  top  or  bottom,  directly  opposite  to  S13;  which  is  tlie  number  sought, 
because,  the  index  being  2,  the  number  muat  consist  of  three  places  of  figures. 

If  the  number  corresponding  to  the  logarithm  2.57315  was  requir«l,  we  mu«t  took 
in  the  column  0 ;  and  we  find  ui  it,  aguinet  the  number  374,  the  logarithm  5T%7 ;  and, 
guiding  the  eye  along  that  line,  we  find  the  given  logarithm,  57345,  in  the  column 
marked  5 ;  therefore  the  mixed  numlier  sought  is  3745 ;  and,  since  the  index  is  %  the 
integral  part  must  cousiH  of  3  places ;  therefore  the  number  sought  is  374.5.  If  the 
index  be  1,  the  number  will  be  37.45;  and  if  the  index  he  0,  the  number  will  be  3.745> 
If  the  index  be  8,  corresponding  to  a  number  less  than  unity,  the  answer  will  be 
(U>;)745,&c 

Again,  if  the  number  corresponding  to  the  logarithii.  5ii781I  waa  requu«(L  look  in 
the  coKinui  0,  and  find  in  it,  against  378,  and  under  5,  the  logaritiun  57B07,  the  difference 
between  thband  the  next  greater  logarithm,  57818,  being  if,  and^thedifiereuce  between 
57807  and  the  given  number,  57811,  beinc  4 ;  to  this  4  affix  two  ciphers,  which  make 
400,  and  divide  it  by  11 ;  the  quotient  is  Si  nearly  ;  this  number,  bemg  coimected  with 
the  former  foitf  figures,  makes  378536,  which  is  the  number  required,  since,  the  mdez 
being  5,  the  number  must  coudiit  of  six  places  of  figures. 

To  show,  at  one  view,  the  indices  corresponding  to  mixed  and  decimal  numbers,  we 
bave  given  the  fullowiug  table. 


Mixtd  twmbtr.  Logarilhrnt. 

4DU4:i.O Log.  4J>I316 

40W3 Log.  i6iai8 

409.43 Log.  2«12I6 

40.943 Lug.  1.61218 

4.09« Log.  OjSWIS 


Deemal  numbtr.  Logonthat. 

0.40H3 Log.  !).61216 

0M0043 Log.  6.61318 

a00409<3 Log.  7.61318 

a00040943 Log.  061218 

0.000040M3 Log;  5.61316 


MULTIPLICATION   BY   LOGARITHMS. 

ttuLK.    Adil  the  logarithma  of  the  two  numbers  tn  be  multiplied,  and  the  m 
be  the  logarithm  of  their  product 


EXAlffFLE  I. 
Multiply  35  by  35. 

as Log.  1.39794 

35 Log.  1.54407 


EXAMPLE  [I. 
Multiply  33.4  by  !£. 

32.4 Log.  1.35035 

1.8 Log.  Q^asST 


Praduct,875 Log.  2JM201      Product,  40Jfi Log.  I.6Q553 


*  ThiA  quolieDi  miut  eofuinl  of  B9  inanj  plBcn  of  figures  u  there  w«rfl  ciphers  anaexedi  coafonnaMe 

loo  fifum  miul  tie  plaeiKl  Ld  Ihe  rigtil  of  Ibe  Tnur  Hguiei  berare  InuDcI. 
t  IiUk  iudei  correspDiids  lo  a  rrxriiun  Icaa  ihaii  unit}',  you  muit  place  ai  niDny  Eiphen  to  the  left  ol 

ume  ciphen ;  in  Ihii  miitiDer  you  will  nbiaiii  the  aau)(hl  number. 

We  may  find  iIie  Rnh  figure  nf  ihe  ivquirol  number  by  meam  of  Uie  maiginal  isblet,  by  eaieiiHg  lbs 
uhle  rurre'^pnuiiiNR  ai  \\ie  liip  lo  llie  pra|x»icd  value  of  D,  (iid  in  iha  rl^t-baud  cohlnu  wilh  d  I  Ibt 
■urre>j»u<<iug  niuiibec  il  Ihc  GIUi  li(urs  o'  Ibe  required  nUiual  Dumber. 


LOUARITriMR. 


EXAMPLE   111. 
HuUplr  a36  by  0.009S. 

aae Log.  o^siaaa 

0.0035 Lc^.  7J9794 

Product,  0X0615 Log.  7^1116 


EXAMPLE  [V. 
Muhiplj  OJiS  by  O.OOa 

0JJ5 i.<ig.  itstrryi 

0.008 Log.  7.477  la 

Product,  0.00075 Log.  a87506 


Id  the  last  example,  the  sum  or  the  two  indices  is  16 ;  but  Hince  10  whs  borrowi.d 
each  number,  we  have  tieelected  10  in  the  Burn ;  and  the  reniHinder,  (i,  lieing  Itvai  tl 
dw  other  \0,  u  eviJeuliy  the  iudex  ol'  tli«  togarithiu  of  a  fmutioD  leuB  thou  uiitty. 


DIVISION  BY  LOGARITHMS. 


EXAMPLE  L 
Divide  S75  by  35. 

875 Log.  S.94201 

85 Log.  I.ai794 

Log.  1.54407 

EXAMPLE  II. 
Diviile  40.32  by  XU. 


Quotkoit,  1.8 Log.  0 


EXAMPLE  III. 
Divide  0.00SI5  by  O.OOa'i. 


Quotient,  3.36 Lug.  O..M:a 

EXAMPLE   rv, 
Divkte  0.00075  by  0.025. 
0.00075 L<.K-  137.^ 


Q«otien^0.08 L-ig,  8.47713 


In  l!]xamp)e  III.  both  the  divisor  atid  dividend  are  rntctioiw  less  thai)  iniiiy,  nnd  the 
divisOT  is  the  leai^  ;  coniwtiuently  the  quutittnt  at  grealitr  llioii  unity.  In  Kxnniiile  IV. 
both  fnirtioiiB  are  lesa  lliun  unity  i  and,  since  the  divisor  is  the  greuteM,  its  logariihiN  i* 
greatKr  than  thai  nf  the  dividend ;  for  this  reason  it  is  ncceNonT  to  borrow  10  iu  tha 
mdex  before  making  the  subtractioii ;  IwDce  the  quotient  u  less  than  unity. 


INVOLUTION  BY  LOGARITHMS. 

Rnte.  Multiply  the  logarithm  of  the  number  ^ven,  by  the  index  of  the  power  to 
which  the  quantity  iti  to  be  raised  ;  the  prodiici  will  lie  the  logarithm  of  the  }i»wer 
MMight  But  in  raiKtiig  llie  powera  of  any  decimal  trofttion,  it  miiifl  Ik  olw.rvrd,  tliat 
the  tirM  significant  figure  of  the  iiower  niuut  lie  put  as  many  iiIhcpji  lielow  the  plui« 
of  units  as  the  index  of  its  logarithm  wants  of  10  multiplied  by  the  index  of  tlie  puwur 


EXAMPLE   L 
Required  the  square  of  18. 
18 Log.  1:25537 


EXAMPLE   IU. 
Required  the  niuore  of  6  4. 

6.4 Log.  0.80618 

« 

Answer,  40J« Lof.  I.nia36 

EXAMPLE  IV. 
Required  the  cube  of  OSH. 

055 Log.  damn 

3 

Answer,  0.01562& Log.  a8.]'J38a 

Id  the  last  example,  the  index  38  wants  3  of  30  (the  product  of  10  by  the  jmwer. I); 
tiierL-fbre  the  fiiM  sipnificvit  6gure  of  the  answer,  viz.  1,  is  placed  Iivo  figures  ilisuuu 
f^nn  the  lA-cr  of  u^tt* 


EXAMPLE   IL 
Rtiquired  the  cube  of  13. 
13 Log.  1.113W 


LOOARtTHMS 


EVOLUTION   BY  LOGARITHMS. 

Rn-B.  rKvide  the  logarithm  of  the  number  bf  the  index  of  the  power;  the  quotient 
will  he  the  logarithm  nf  the  root  soughL  Bat  if  the  power  whuae  root  is  to  be 
extracted  ia  a  dt^nial  fraction  less  than  uuity,  prefix  to  the  index  of  its  logarilJiin  a 
figure  teas  by  one  than  the  iiiilex  of  ilie  power,*  iind  divide  tlie  whole  by  the  index  of 
the  power :  the  quotient  will  be  the  logurilhin  of  the  root  mughL 

EXAMPLE   in. 
Requuwl  the  square  root  of  40,96. 

4056 Log.  2)l£ia36 

Anawer,  &4 Log.      0.80618 


EXAMPLE   L 
Wh(   is  the  aquare  root  of  324  ? 

■i» Log.  a)2J1055 

Anawer,  16 Log.       1^5537 

EXAMPLE  II. 
Required  the  cube  root  of  3197. 

21517 ......Log.  3)334183 

Answer,    13 Log.       LI  1394 


EXAMPLE  IV. 
Required  the  cube  root  of  0.015625. 

0.01563S Log.  aigsE 

Prefix  a  to  the  index 3)28.1938 

Anawer,0J25 Log.    8.3976 


TO  WORK  THE  RULE  OF  THREE  BY  LOGARITHMS. 

When  three  numbers  are  ^ven  to  find  a  fourth  proportional,  in  arithmetic,  we  inaJtfl 
a  statement,  and  aay,  As  the  first  nuinlier  is  to  the  seconil,  so  is  the  third  to  the  fourth ; 
and  by  muhi|i<ying  the  aecoiid  luid  cliird  togetiier,  aiid  dividing  the  product  by  the 
first,  we  obtain  the  fourth  nunilier  sought  To  obtain  the  same  result  by  logarithms^ 
wi)  muat  atld  Ike  to^ariihmt  of  the  tecimd  and  Odrd  namhart  hgtUier,  and  from  Uk  turn 
rubtrmt  the  logarUAmii/'tKefivt  mtmber;lhe  remaindtr  wiU  bt  Si*  logariiltm  iff  the  tovght 
Jburih  maiUifr. 


EXAMPLE  I. 
If  6  yards  of  cloth  coat  5  dollata,  what 
will  20  yards  ca«  ? 

Ab6 Log.  0.77815 

!sio5 Log.  0.6i«97 

So  is  20 Log.  1,30108 

Sum  of  2d  and  3d. 2.00000 

Subtract  the  first 0.77815 

To  ia67 Log.  ijaias 

The  answer,  theiefore,  ia  16  doUaia  and 
■fifai  '^  1^  dollars  and  6T  cents. 


EXAMPLE  II. 


As 7..... Log.  0.84510 

Isio30 Log.  1.30103 

Sola 21 Ug.  ijaaa 

Sum  of  2d  and  3d ^1^8325 

Suliiract  the  first 0.64510 

To  60 Log.  1.77815 

The  anvsrer  la  60  mile*. 


IX)  CALCULATE  COMPOUND  INTEREST  BY  LOGARITHMS. 

To  too  dollaiB  add  its  interest  for  one  year;  find  the  logHnthm  of  thia  sum,  and 
rviiM:!  2  in  tlie  index ;  then  multiply  it  by  tlie  num1>er  of  yeara  and  (ibtib  of  a  year  for 
wliicli  the  interem  ia  to  be  calculated  ;  to  the  product  aiid  fhe  logarithm  of  tliH  sum 
pui  at  interest;  the  aum  of  these  two  logurithiiiB  will  be  the  logaritlim  of  the  amount 
of  the  given  aum  for  the  given  tini& 

*  in  ihi>  tule  it  ia  •uppotad  Ibat  10  ii  borrowed  io  SadLug  tbs  indu  lo  lh«  dw 


r -.zed  b,  Google 


LOOiJUTHHB.  38 

RXAMFLK. 
Beqiiired  the  anionnt  of  the  piiuciiM)  and  inuraBt  uf  355  dolUn,  M  at  6  par  MBk 
Gonipouiid  inierua,  for  7  years. 

Adding  6  to  100  kitm  106 ;  wbow  logBiiilun,  ivjectiug 

3  in  Che  index,  la 009931 

Multiplied  b; 7 

Product 0.17717 

Principal,  3S5  dollars Log.  085038 

Bum  girea  the  logarithm  of  533^ ..Log.  3:73740 

HMfcfbre  the  amount  of  principal  and  interaac  ia  533  dollan  and  10  cent& 


To  find  the  logarithm  of  the  iine,  tangent,  or  secant,  comiponding  to  any 
number  of  degrees  and  minutes,  by  Table  XXVII. 

The  given  number  of  degreea  must  be  found  at  the  bottom  of  the  page  when 
between  45°  and  13.5°,  otherwise  a<  the  top ;  the  minutes  being  found  in  the  column 
niHjIced  M,  which  stiuidB  on  tlie  side  of  the  page  on  which  the  degrees  are  marked  ; 
lb\M,y'thedegrt£»aTtleKtl}umi5,UuminvU*aretobeJimnd  inOie  (^Aoiuf  co/innn,  dec.  1 
md  it  must  be  noUdthaiif0\e  degrut  artfmmd  at  the  tm,  the  nameio/' hour, trine,  ciMine, 
langent,  &.C.,  mujt  aUo  btfmmaat  the  lop;  and  tfllie  mgrtet  arefomulat  0\e  biMom,  th« 
name*  sine,  cosine,  &c.,  mud  alto  be  found  at  the  aottom.  Tlien  opposite  to  the  numlier 
of  the  minulee  wilt  be  found  the  log.  siite,  log.  secant,  &c  in  the  columna  marked  tine. 
Meant,  &c  respectively. 


EXAMPLE  I. 
Required  the  log.  aim  of  38°  ST. 
("ind  26°  at  the  top  of  the  pa|re,  directly 
below  which,  in  the  lefl-hand  column, 
Btid  37' ;  against  which,  in  the  column 
marked  line,  is  9.fi8(J99,  the  log.  sine  of 
the  given  number  of  degrees  ;  and  in  the 
aame  manner  thetangents,  &«.  are  fbimd. 


EXAMPLE  II. 

Rwiuired  the  log.  secant  of  136°  20'. 

Fiiid  i'XP  at  the  bottom  of  the  iiom 
directly  above  which,  in  the  lefl-haiHl 
colnrnn,  tind  'JC ;  againn  which,  in  ttte 
column  marlted  tecait,  is  10.3371)3  re- 
quired. 


To  find  the  logarithm  of  the  sirte,  cosine,  Sfe.for  degrees,  minutes,  and  seconds, 
by  Tdile  XXVIl. 
Find  the  numbera  corresponding  to  the  even  inintiten  next  above  and  below  the 
given  degreea  and  minutes,  and  take  their  difTerence,  Dj  then  say.  As  ()0"  in  to  thn 
number  of  secondE  in  the  propoaed  number,  so  is  thtu  difference,  D,  to  a  ^or^^^tion,  d, 
to  be  applied  to  tlie  number  corresponding  tu  the  \vbM  number  of  degrees  hi  ' 


additive  if  it  is  the  leastof  the  two  numbers  taken  from  the  talde,  other 


1  culnractive. 


B  60"  :  Ifi"  :  ■  46  :  12,  which, 
:«<l  If 


EXAMPLE   Til. 
Required  the  log.  sine  of  24"  W  38". 

fJine  (.lM°  le- Log.  9JII3^ 

Siiieof24   17 Log.  9^1411 

DifTerpnce Dt^W 

Thfiih  as  CO"  :  ."»'  ;:  39  t  18,  which, 
being  added  tu  tliv  number  currea)  Kim  bug 
lo3^  16',  gives  9J31400.  Ow  lug.  sine  of 
W  W  38". 

If  the  giren  aeconds  he  J.^i,  ^.ori.or  any  other  even  parts  of  at 
piiW  roav  be  taken  ot  tbe  din'erence  of  tha  logarithui".  anil  addeil  oi 
■hove,  wliich  niay  lie  frequently  done  bj  inspection.     Thpse  proportl 
alBD  lie  found  very  nearly  by  meana  of  the  three  columns  of  difierences  lor  w-n 
fven,  for  tlie  ^m  time,  in   the  ninth  edition  of  this  work.     The  fiiat  cnlutii 
diTerences,  which  is  to  be  used  with  the  two  columns  marked  A,  A,  is  placed  beti 


EXAMPLE  IV- 
Required  the  bg.  Gocant  of  105°  SC  16". 

Secant  of  lafW Log.  10-S7708 

Secant  of  103  31   Log.  10..';7723 

Difference D  =  46 

Then. 

s[K>nili[i(r  to  lO.")"  'Hy,  gives 
log.  aecimt  of  105°  30'  16". 


ute,  the  like 
ibtracted  a> 
il  parts  may 


)M  LoUAttiiHMd 

,  there  olumtia.  The  KCuud  column  of  ii^reaces,  wbic.-i  is  to  bn  used  with  iba 
two  <!oluniiM  B,  B,  is  pUeed  betwran  these  two  columoa.  In  like  manner,  the  Uiird 
cnlninn  of  difinrences,  between  the  columns  C,  C,  is  to  be  used  with  thciii.  liie 
corre.'tjoo  ofthe  tabulsr  logHrithma  in  any  of  the  coluinns  A,  B,  C,  for  any  number 
of  Bec(incls,isfoundbyenieringtlie  left-hand  column  of  the  table,  imn-ierf  S'  aitht  top, 
and  finding  tlie  number  of  seconds;  opposite  to  this,  in  the  column  of  diffi-rences,  will 
be  found  tbe  corresponding  correction.  Thus,  in  the  tablt^  pnge315,  which  cuiitaina 
the  lug,  sinea,  tan^nts,  &c^  for  30°,  tbo  corrections  corresponding  to  25",  are  9  for 
the  columtis  A,  A,  13  for  the  columns  B,  B,  3  for  the  columns  C,  C ;  so  that,  if  it 
were  required  to  liiid  the  sine,  tangent,  or  secant  of  30°  13'  35"  we  must  add  these 
IB  respectively  to  the  numbers  corresponding  to  30°  IS*;  thus, 

Col.  A.  Col.  B.  Col.  C 

le  9.701.59        Tangent 9.76493        Secant 10.06335 

+  9  ■  +12  +3 

Logs,  for  30"  ly  35". . . .  &.7016B  9.76505  10.0ti338 

lliese  correiMions  being  ail  added,  because  the  logarithms  increase  in  proceeding 
from  :30°  13'  to  30°  IS".  Instead  of  taking  out  the  logaritlmu.  for  30°  13',  and  adding 
the  correciion  for  35",  we  may  take  out  the  logarithms  for  ;iO°  1.')',  and  subtract  the 
correction  for  60"  —  25",  or  35",  (bund  in  the  margin  S' ;  thus, 

Log8.ror30°l.3'-.. .Sine  9.70180        Tangent 9.76533        8ecant....  10.06343 

Corr.  lor  35"  in  coL  S',  (  ,«  ,.»  . 

ora5"incol.G'  ....  j     ~"  —"  —* 

Logs,  for  30°  13-  35" ... .  9.701t^  9.76505  10.06338 


,11  this  example,  are  the  same  by  both  methods;  the  eiiivs  differ  by  o 
in  till!  last  drcimal  place,  and  tfiis  will  frequently  happen,  becnuse  the  dinerencv  of 
the  logarithms  for  1',  sometimes  HifTcr  one  or  two  units  from  the  mean  values  whiith 
•ra  used  in  tlie  three  columns  of  differences.  The  error  arising  from  this  cause  is 
generally  iliminisbed  by  using  the  gmaUat  engia  *  S',  when  the  sec^onds  of  the  pro- 
posKil  anjrle  are  tmalUr  tlian  30";  or  the  grtaUtt  angle  G',  when  the  number  of 
aeconils  are  greater  Chan  30".  Thus,  in  tlie  above  exam)>le,  where  tlie  angle 
8'  — 30°I2',  and  tlieanglo  G'  =  30°  IS",  it  is  best  to  use  the  angle  S'  tvhcu  Che  given 
angle  is  lexs  than  30°  12'  30",  but  the  angle  G'  when  it  exceeila  30°  12'  30".  Tlius, 
if  it  Ih!  rciiutro.1  to  find  the  sine  of  30°  12' 51",  it  is  liest  to  use  the  onale  G'=:W°  Iff, 
and  find  t)ie  correction  by  entering  the  margin  marked  S',  with  the  difTerence 
60"  —  51"=:9",opuoMle  to  which,  in  the  column  of  ditlerenfcs,  is  3,  to  be  subtracted 
trom  log.  wiieof30°13'=:9.70l80,  toget  the  log.  sine  of  SO'^  12*  51"  — 9.70177.  To 
•nve  lliu  trouble  of  subtracting  tlie  seconds  from  BO'',  we  may  use  the  right-band 
margin,  marked  C,  and  the  corr«cdon  may  then  be  found  hy  lite  fulluvving  rules: — 

ItuLF.  1.  When  the  imaUtst  angle  S'  is  use(t,^ni/  the  tramds  in  the  columnS', 
ami  take  out  the  corres|>ondin^  correction,  which  is  to  Ik:  applied  lo  the  logarithm 
corresiionding  to  S'i  by  adding,  if  the  log.  of  G'  be  greater  Ihan  the  log.  of  S'; 
Otherwise,  by  subtracting. 

ItuLF  3,  When  the  frreaUr  angle  G'  is  used,  Smt  the  teconds  in  the  column  G',  and 
take  out  the  rorreB|>onding  correction,  which  is  to  be  applicil  to  the  logarichm 
com:M]K>iLding  to  G';  by  adiling,  if  the  log.  of  S'  bo  grenter  than  the  lo;;.  of  G'j 
olhrrwise,  by  subtracting ;  so  that,  In  all  cases,  the  required  ln;;arithm  may  Ml  be- 
tween the  tvvo  logarithms  corresponding  to  the  angles  S'  and  G'. 

The  correctiiega  of  thene  rules  will  evidently  appear  by  coiiipnring  them  with  the 
preceding  examples ;  and  b^  the  inverse  process  we  may  find  the  angle  coireEjiond- 
mg  to  a  fTiven  lo;farithm,  as  in  the  next  article. 

We  linvi!  ffiveu  at  tiie  bottom  of  tlie  page,  in  this  table,  a  small  table  for  finding 
the  proportional  jiarts  for  the  odd  seconcts  of  time,  corr^Hiiondlng  lo  the  column  of 
Hours  A.  M.  or  P.  M.;  to  facilitate  the  process  of  finding  tlie  log.  sine,  cosine,  Sce^ 
corresiMin'ling  to  the  nearest  second  of  time  in  the  column  of  hours,  or,  oii  liie  coiv- 
trary,  to  find  the  nearest  seconit  of  lime  correqioDding  to  any  given  tog.  sine,  cosine. 
&c.    Thus,  in  the  preceding  examples,  where  the  angk   S'^30°  12*,  and  ttia 


"  If  we  neclcrl  the  seconds  in  any  prnpchied  uarle  whoia  atne.  fiLc. 
€lenr>1ed  ahove  b^'  S'.  nno  liiit  angle  inrr»L«pd  by  V,  la  TeprcsenLtd  bj-  <i 


■nd  G',  acFRDTitd  for  miuuie),  bang  lued^cuiw  ibey  are  is 
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coireeponditi^  in  the  column  of  Hours  P.M.,  are 

44*;  and  if  we  wish  to  lind  the  Iok.  eine,  cusiiie,  &c^ 

lediate  time,  as,  for  eEsniple,  4*  1 "  39',  which  differs  '■*' 

muBt  luid  the  tabular  loearithm  correiipondiDg  to  S',  and  H|if)1v 

for  3",  given  by  the  table  ai  the  Dottom  of  tlie  page,  as  In  ihe  following 

Loga.forS'r34' l-ae-        Sine  8.70150        Tangent  9.76193        Secant  lb.06aa 

Correction  for  4-3'  +8  -j-  U -|- 3 

LogB.for 4''  I- 39-         Sine  9.70167        Tangent  9-7B504         Secant  lO.IXSiW 

Nearly  the  mine  results  ore  obtained  by  unng  the  angle  G',  in  the  manner  we 
nave  before  ex|iluiimd : — 
Logs-lnrG'  — 4°  I»'44"        Sine  9.70180        Tangent  9.76522        Secant  10.00348 

Correction  tor  —5*  —  13  —IB  —5 

Logs.for.   ...  4''  1"  39'        Sine  9.70167        Tangent  9J6504        Secant  10.0(837 

Thi«e  correcibns  miiet  be  applicil  by  addition  or  eubiraction,  ai-cordiiig  to  tlie 
directionH  given  aliove,  so  oa  to  make  the  required  logarJtlun  lull  between  those 
which  corr«ii|>ouil  ti>  tlie  times  S'  and  G'. 

The  hiverae  |iruci:Hii  will  uive  tlie  time  corresponding  to  any  togarilhm.  Thu; 
if  the  log.  nine  9.701(7  be  (pveii,  the  ditference  between  thin  and  9.70iri9,   conv- 

riding  to  S':=4''  1'"  36*,  is  8;  aeeking  this  in  Ihe  eolumn  A,  In  ihe  aet-oiid  line  of 
table  HI  the  liottom  of  the  page,  it  is  Ibund  to  corremiond  to  3* ;  adding  this  to 
the  time  S'  ^4°  1""  St!",  we  get  4"  I"  3!''  for  the  required  time.  We  may  proceed 
in  the  same  nwuner  with  the  logarithms  in  thi!  columns  B,  C;  using  the  numliera 
coireeponding,  marked  B,  O,  res|iectively,  in  the  table  at  the  bottom  of  the  page. 

Tojind  the  degrees,  minules,  and  seconds,  corresponding  to  any  given  logarithm 
sine,  ro4ne,  ^c.  6y  TahU  XXVIl. 

Find  tlie  two  nearest  numbers  to  the  given  log.  sine,  coMne,  &C.,  in  the  colurin 
marked  tine,  eonne,  &C.,  respectively,  one  being  greater,  and  tlie  other  less,  uad  take 
their  difTereiice,  D ;  take  al.so  the  difference,  rf,  between  the  ^vcn  logarithm  and  the  ' 
logaritlim  corrps|>oiiding  to  the  smulleat  numlier  of  degrees  and  minuten ;  then  say.  As 
the  first  fuund  iliff'rcncu  is  to  the  second  found  diffurence,  w  is  60"  to  a  numlier  <>{ 
•econdH  lo  be  annexed  to  the  smallest  number  of  degrees  and  minutes  befure  tbund. 
The  three  t-olumns  of  differences  may  also  be  used,  by  an  inverse  operation  to  tjiut 
which  we  lukve  expiuii'.ed  in  the  preceding  article. 
EXAMPLE   V, 

Find  Ihe  degrees,  minutes,  and  seconds  (less  than  90°),  corresponding  lo  the  log. 
■me  9.61400. 

Next  less  log.  S' =24°  16"  9.61383  Log.  of  wnalleW  angle  S'=24'' Iff  is  9.fil38'i 
Urealer G'  =  24   17   9.61411         Given  log. 9.61400 

D^a9  ^;i:18 

Then  say,  As  29 :  18 : :  60" :  38",  nearly ;  which,  annejted  lo  34"  Iff,  give  24°  Iff  38", 
answering  to  lo^.sine  9.fil400.  Subtracting  34°  Iff  38"  from  180°  there  reiiiain 
15.V  43'  &",  tlie  log.  sine  of  which  is  also  9.61400.  The  quantity  38"  may  also  lie 
bimd  by  inspectiun  in  Ihe  sltle  column  S'  of  the  page  oppoeiie  ij=;  18,  ji  ilie 
column  of  differences  iMtween  the  two  columns,  A,  A.  If  we  use  the  angle  G',  ivo 
■hnit  have  d'  fiyiai  to  II,  the  difference  of  ibe  logarithms  9.61411  and  9.614(10,  and 
the  corresjiondihg  number  of  seconds  in  colimin  G',  is  37",  making  24°  16'  37". 

To  find  the  arithmrtical  complement  of  any  logarithm. 
Tlie  arithmetical  comjilemenl  of  any  logarithm  Is  what  it  wants  of  10.00000,  and  n 
tiked  to  avoid  sutitractinn.  For,  when  working  any  proportion  hy  logarithms,  _t  ii<i 
may  add  the  arithmetical  complemenl  of  the  Ingarithm  of  tlie  fiiBt  term,  insti'Bil  lA' 
subtracting  the  logarithm  itself,  oliserving  to  negleul  10  in  the  index  of  the  sum  of  the 
logarithms.  The  arithmetical  complement  of  any  logarithm  is  thus  found- — lli'gtn 
It  the  index,  and  jcriit  denen  tchai  tadiRgvrt  wraUs  of  9,  except  the  latt  n^^omtf 
Sgiirt,  tehieh  takefnm  10."  Thus,  the  arithmetical  complement  of  P-BS^gS  is  0.37405 ; 
Sai  of  \jeeaS7  is  8.13433 ;  and  that  of  10J)3133  ia  89.66867,  or  9.66867. 


kIkd  ihera  are  any  ciphers  :o  ihe  rictai  b. 
M  of  ei[>lMn  lo  ue  nglil  haad  of  llba  ol 


PLANE   TRIGONOMETRY. 


Flare  TitioonoMET&T  ia  ihe  science  wbich  showB  how  to  find  the  meaaiii'ea  of  At 
Bides  and  angles  of  plane  trianglea,  gome  of  tliem  being  already  known.  Il  is  dirided 
into  two  pBTls,  right-angled  and  oMique-angled :  in  lifie  fonner  caae,  one  of  the  anglM 
ia  a  right  njiglc,  or  90° ;  In  die  louur,  they  are  all  oblique. 

In  every  plane  Iriaugje  diere  are  six  pans,  viz.  three  sides  and  three  angles ;  any 
three  of  which  being  given  (except  Che  iliree  angles),  the  other  ttvn»  niay  tie  found 
by  varioUB  methods,  viz.  by  Gunter'a  scale,  bv  the  eliding  rule,  by  thu  sector,  by 
geometrical  construction,  or  by  aritfaineiical  calciitaiion.  We  atioll  explain  each  at 
these  methods;*  but  the  latter  ie  by  far  the  most  accurate;  it  is  perniniied  by  tho 
help  of  a  few  iheoremi^  and  a  trigonotnetriral  canon,  exhibiting  the  natural  or  the 
logarithmic  Hiiiea,  tangents,  and  secunis,  to  every  degree  and  minute  of  the  quadnuiU't 
The  theorems  alluded  to  are  the  following : — 

THEOREM  L 


In  any  r^ht-angied  triattrit,  ^  Ihe  hypotvmue  be  made  radiut,  one  tifia  iraU  be  the  tin- 
i^f  Ihe  oppotite  €mgte,  and  the  other  ita  comne  ibut}f  either  of  Ihe  Ugi  bt  made  radixu 
ihe  oihtT  leg  will  bt  Ihe  limgait  iff  the  oppotilc  iftgle,  and  the  hypoUmae  urill  be  Uie  mcobi 


1st.  If,  in  the  right-angled  plane  triangle  ACB  (fig.  1),  we  make  the  hypotenuse  AU 
rodiuB,  and  upon  the  centre,  A,  describe  Uie  arc  BR,  to  meet  AC  produced  in  E,  then 
it  a  evident  ttiiit  BC  is  ttie  sine  of  the  arc  ItE  (or  the  sine  of  the  angle  BAG),  and  that 
AC  is  the  cosine  of  the  same  on^e;  and  if  the  arc  AD  be  described  about  the  centre  B 
(fip.  3),  AC  will  be  the  sine  of  the  angle  ABC,  and  BC  its  cosine.  . 

2dly.  If  the  leg  AC  (fig.  3)  be  mode  roditia,  and  die  arc  CD  be  described  about  the 
centre  A,  C8  will  be  the  tangent  of  that  arc,  or  the  uuigent  of  the  angle  CAB  ;  and 
AB  will  be  its  seconL 

Sclly.  If  the  leE  BC  (fig.  4)  be  made  radiui^  and  the  arc  CD  be  described  about  the 
nenm;  B,  CA  wilf  be  Uie  tangent  of  tliat  arc,  or  the  tangent  of  the  angle  B,  and  AB 
will  be  its  aecanL 

Now,  it  1ms  been  already  demonstrated  (in  Art  55,  Geometry]  that  the  sine,  tangent, 
secant,  &c.  of  any  arc  in  one  circle  is  to  the  sine,  tangent,  secant,  &c.  of  a  similar  arc 
in  onodier  circle  as  Ihe  radius  of  tlie  fbnner  circle  lo  the  radius  of  die  latter.  And 
KJnee  in  any  right-angled  triangle  there  ore  given  either  [wo  side«,  or  the  uigles  and 
one  aide,  to  find  the  rest,  wo  may,  if  we  wish  to  find  a  side,  make  any  tiide  ntditw; 
then  say.  As  the  tabular  number  of  die  same  naine  as  tlie  given  siile  is  to  the  given  side 
of  the  trianffle,  so  ia  the  tabular  number  of  the  same  name  us  die  required  side,  to  the 
required  side  of  the  triangle.  If  we  wish  to  find  an  angle,  one  of  tlie  given  xiJeti  niust 
be  made  radius;  then  say.  As  the  side  of  the  triangle  made  radius  ts  to  the  tabular 


*  II  wiD  DM  ba  B«c«tsary  to  add  nny  Ainher  descripiio 
fcr  whai  we  bave  already  giveu  will  be  lulRcienl  for  ai 
GoEMr'i  icale. 

t  See  Toblea  XXIV.  and  XXVII. 


■  (be  uM  ■rf' 
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ndina,  so  is  tae  other  ^veii  e 

■BDled ;  which,  beUig  sought  >ui   ui  lud  u 

degreu  slid  ininiuee  of  the  required  ungl«. 


^•.  tabular  sine,  tanffsnt,  aecant,  &c  by  it  repre* 
the  table  of  ainee,  &c^  will  coirespond  to  dm 


In  oil  fitme  InaivUt,  ttc  tidu 
migia  (by  At  58,  Geujiietiy}. 


THEOREM  IL 
an  in  dtred  proporHim  to  Ik*  $aiei  <(f  tkdr  oppoiile 


Heuce,  to  lind  a  s|de,  we  iniiBt  say,  Ab  t|je  suie  of  on  angle  ih  to  its  opposite  side,  so 
IB  the  nine  of  eitlier  of  the  otjiiv  luigirs  to  tlie  vide  u|iiHwite  thureio.  But  if  we  wisli  to 
find  an  angle,  ive  must  ny,  As  any  siveti  side  is  to  the  sine  of  lis  opposite  angle,  uo  i« 
ehfaer  of  the  otiier  sides  to  the  suie  of  its  oppuoiie  angle. 

THEOREM  HI. 
hi  eeenf  plant  tnan^U,il  wiU  be,  at  Uu  ivmqf  any  too  tidts  is  lo  Uuu'  d^rrenee,  to  it 
Ihe  bmgaii  t{f  htUf  Cm   mini  of  the   two  appetite  imgkt  lo  Hit  taagmt  qf  kaif  tlu-i' 
diffirtnce  (by  At.  S9,  Geouieoy). 


THEOREM  IV. 


^  the  bate  of  am/  plane  biongJt  i»  toihet 


of  the  two  tide*,  toit  Iht  differenet  of  the 

[tttfaU^ 

Gooiiietry). 

THEOREM  V. 

in  atty  plane  triangle,  at  the  rtdangk  eonimntd  hy  any  two  tidet  indudiag  n  aotight 

mgle,  it  to  the  rtclm^^  contained  by  the  half  lum  of  the  three  tidet  atid  the  taine  half 

turn  deenattd  by  the  other  tide,  to  it  the  gmiare  <^  radivt  lo  the  iquart  qf  the  eotiae  of 

hay  the  taught  angle  (by  At  61,  Geometry). 


Id  addition  to  these  theoreniB,  it  will  not  be  amiss  fbr  tlie  learner  to  recall  to  mind 
dia  Ibllowiug  articles : — 

1.  Id  every  trian^  the  greatest  side  ii  opposite  to  the  greatest  angle,  and  the 
greatest  angle  opposite  to  the  greatest  side. 

2.  In  every  triangle  equul  sides  suliteiid  equal  angles.     lAt  ?B,  Geometry.) 

a  The  three  angles  of  any  plant'  trinnglp  are  equal  to  1B0°.     LM,  35,  Oeocnetry.) 

4.  If  one  angle  of  a  triangle  be  obtuse,  the  rest  are  acute ;  ano  if  one  angle  be  right, 
the  otiier  two  together  matte  a  right  angle,  or  90° ;  therefore,  if  one  of  the  acute  angles 
9f  a  right-iuigle<r  Iriande  be  known,  the  o^er  is  found  Ity  stibtracling  the  known  angle 
finm  90°.  If  one  angle  of  any  triangle  be  known,  the  sum  of  llie  other  two  \6  found 
by  subtracting  the  given  angle  from  180° ;  and  if  twoof  the  angles  be  known, the  third 
is  found  by  subtracting  thch  sums  from  180°. 

5.  Tbecomptemeni^wicmgUituihatitmmttqfW'iandthen^ipttmeTdof'anangte 


In  the  two  fbHowing  tables  we  have  collected  all  the  rules  m 
for  solving  the   various  ewes  of  Ri^t-angled  and  Oblique-angled 
Trigooometry. 


FORHITLAS  IN  RIGHT-ANGLED  TRIGONOMfeTRV. 

O..L 

0.r„. 

Sooaiit. 

1 

1 

"K^^- 

axs; 

BU.  :  bn>.  AC  > :  •!»  A  1  lag  BC. 

B*l.  .llJp.AC:,.t«C.-l,7AB. 

Sk3 

LajBC. 
Angle.. 

L.VAB. 
Hit..  AC. 

Bad.  :  log  BC  :  :  Ung.  C  :  lei  AB.                                             1 
(  Bad.  :  leg  BC  :  :  .eJc  :  tay^.  AC. 
1  Or.IlM  A  :  lOf  BU  :  1  nit.  :  tayp.  AC.                                     | 

4A5 

1S-^- 

iS!^. 

Hyp.  AC  :  nd.  : :  leg  AB  1  iIih  C,  w1m«  nmp. 
Bil  :  hyp.  AC  :  =  .iL  A  -.  iBg  Bt.'.              ^ 

D  A. 

S 

Botkl.^ 
ABkBO. 

Aagtofc 
H«..AO. 

Ug  BC  :^r*i.  ^1  legAB  :^«n,j^C,  wlwM  comp 
ioTnd.i'ifi  Bc'i'i  »tC  "hyp.  AC. 

la  A. 

RIGUT-ANGLED  TRIGONOMETRY. 


FOIMULAS  IN  OBLIQUE-ANCLED  TRIGONOHBTRT 


c... 

G,T.». 

BODOHT. 

uda  AB. 

Sine  C  ;  eide  AB  : :  (in  D  :  elda  AC. 

BldsAB  !  iineC  1!  KdsBC  :  elneA.whtcbwldeduC, 

1*9 

Tvoal4ai,A0, 

"21"° 

of  ibe  Iide*,  AC,  AB,  ■•  la  lli«i,  dl9b™ii«,  u  i.  the  Uin»Dl 
of  tbc  bsir  ■uRi  of  ll»  Mher  anglea  to  the  taniwi  of  liiir  OiBit 
djr«r.n(.ei  whitb  added  to  .Tid  .ubtracieS  tlom  lUe  half 
■um.  will  (ire  Ibe  Inn  anglea  U  uid  C ;  iJie  gnialal  tafle 
beini  oppulut  lo  Ibe  treauu  iide. 
Sine  &  :  aide  AC  ;  :  one  A  :  iide  BC. 

dlvid^  Into  t»n  riihi^niled  liianilea,  BCD,  BADi  Uien, 

lag  rule.    Froia  b«lf  lie  >oui  of  the  Uiree  iidef  lubliacl  the 

EUh«u(]e, 

tbeH>ii(hlan)le^l  hnlriheaiiin  of  tbexIbuilonriUima  wiO 
b«  tiM  loBUiUlmiccoeiM  of  half  Itie  aouiibl  uigte; 

In  calculating  by  Icwarithirabvany  of  the  pieceiliiig  niles,  you  mun  remember,  that 
Ihe  iogarilhm  qf  Aejnt  ltrm<if  Hit  analogy  it  lo  be  tubtmded  Jrom  the  ttan  qf  the 
tf^anlhmt  ij/*  Ou  tecond  and  Utird  ttrmt ;  the  renunnds'  teOl  be  Oie  togtaHhm  oj  Cm  *i>t^4I 

When  Uie  firtt  term  is  radius  {whom  lo^aritbi 
a  unit  m  the  second  left-hand  figure  of  the  index  i 

terms.  But  when  the  radiuB  occurs  in  the  second  or  third  terni,  fou  must  HupjHwe  a 
unit  to  be  added  to  the  second  left-ltand  figure  of  the  indes  of  the  other  term,  aivl 
■ubtract  therefrom  the  logarithm  of  the  fint  term. 


RIGHT-ANGLED  TRIGONOMETRY. 

Solution  of  Ihe  six  eases  in  Righl-angkd  Trigonometry, 

CASE  L 
Hie  anglet  and  hypoknuM  gieen,  lo  faid  the  Ug$. 
Given  the   bypoteniise  AC  250  leagues,  and   the  angle  C,  opposito  to   the  I 
AB,  =  3S°  Stf,  to  find  the  baae  C8,  and  perpeudicular  A& 

BT   PROJECTION. 
Draw  the  base  CB  of  any  length;  with  ui  extent  equal  to  the 
sbord  of  60°,  end  on  C  as  a  centre,  describe  the  arc  D£ ;    firom  E 
to  D  lay  off  35°  30*  taken  fivnitb*!  line  of  chords  ;•  through  G  and  D 

*  In  all  projeclioiB  nf  Ihb  kind,  the  angles  are  mvanired  rrom  ihr  line  of  ebanta ; 


RlaHT-ANOLED  TRIGO.VOMIITRT  3& 

dnw  ilie  line  AC,  which  moke  equal  to  350 ;  from  A  let  fall  t)  t  perpei)diciilar  AB  U> 
isittCBmB,a^itiEdoae;  for  CB  wiU  be  SOa&  aDil  AB  equal  to  145;<. 

BT  LOGARITHMS. 
By  nuking  the  hypotenuae  CA  radiui^  it  will  be, 

To  find  the  perpendicular  AB, 

As  radiUB 10.0fKM» 

le  to  the  hypotenuse  AC  -250. .  a^KiTSW 
SoiBtheeuieangleC33°30'..  yJiZm 
To  the  perpendicular  AB  145:3    a.l6taj 


To  the  baw  BC  'X&S 


BT   GUNTER'S  SCALE. 

Jn  all  proporlionH  which  are  calculated  by  Gunter's  scde,  when  the  first  and  sei  oud 
terms  are  of  the  same  kind,  the  extent  from  the  tiiBl  term  lo  the  second  will  reucli  I'ram 
the  third  to  the  fourth. 

Or,  when  the  finil  and  tliinl  terms  at«  of  the  same  kind. 

The  extent  from  tlie  tinA  term  to  the  third  will  reai;h  froin  the  second  to  tlie  fourth ; 
that  m,  we  must  set  one  |)oinl  of  the  coingiosses  on  ilie  division  ex)>ressiiijj  llie  lira* 
term,  and  extend  the  other  point  to  the  division  expressing  the  thini  leriii;  llif^n 
without  altering  the  opening  of  the  compasses,  we  inui<t  set  one  point  on  tlie  division 
re^weaeiiting  the  second  term,  and  the  other  point  will  fall  on  tlie  oivisiou  ahowlng  tlie 
fbiutti  tenn  or  answer. 

Id  the  present  exuinple  the  work  ia  as  follows: — 

Extend  from  nulius,  or  90°,  lo  54°  dff  on  the  line  of  sines;  that  extent  will  reach 
from  350,  ilie  hvpotcnusi:,  to  203.5,  tlie  base  on  the  line  of  uuinbers;  nnd  t Id;  extent 
from  roilius  or  90°,  to  35°  SCy  on  the  line  of  sines,  will  reach  from  350  to  145.3  on  tlie 
line  of  nunilN-rs. 

Observe  the  same  method  in  all  llje  following  examples,  except  in  those  pro|iortions 
where  the  wonl  atcaal  is  mentioned,  which  cases  inuA  be  wrougiit  liy  consiiiuiing  tlie 
bviratenuse  radius,"  there  lieing  no  line  of  secants  on  the  common  Gnntur's  scalo, 
mRhougli  it  con  easily  be  inaikea  on  the  line  of  sines. 

Ao<«.  The  nuliua,  aceording  to  the  nature  of  the  proportion,  niay  be  either  of  the 
foUowing  quantities  : — 
6  points  on  the  line  of  rhumbs. 
4  points  on  llie  line  of  tangent  rhumlM. 

CASES  II.  iHD  III. 
The  angla  and  ont  leg  given,  to  fatd  (Ae  hypoUnuf.  and  other  leg. 
Tlie  angle  ACB  33°  W,  the  leg  BC  163  miles,  given,  to  find  the  hypotei 
■he  other  leg. 

BY  PROJECTION. 
Draw  the  line  BC,  rvhich  make  equal  to  163  miles ;  on  B  erect  the 
perpendicular  BA ;  on  C,  »s  a  centre,  witli  tlie  chord  of  60°,  sweep 
(he  are  BD,  which  make  equal  to  33°  15* ;  draw  CD,  and  continue 
it  lo  cut  AB  in  A,  and  it  is  done ;  for  AB  being  measured  on  the 
nine  scale  that  BC  was,  will  be  106.9,  and  AC  194.9  milea. 

BT  LOGARITHMS. 
By  making  tbe  base  BC  radius,  it  will  be, 


^ 


To  find  the  perpendicular  AB. 

As  radius  45° 10.00000 

Is  to  the  base  BC  163 3.3I3I9 

Bo  is  tangent  angle  C  33°15'  . .     9.61666 
To  tlie  perpendicular  AB  106.9    2.02683 


To  find  the  hypotenuse  AC. 

As  radius  90° 10.00000 

Is  to  the  base  BC  163 2.31219 

So  is  secant  angle  C  33°  15'  .  „   10.07765 
To  the  hypotenuse  AC  194.9  . .     2285)84 


bs  Uianglei  are  Riexxured  by  icaln  of  et^al  parU,  ai  wai  berare  Dbsarred.    Inaiead  of  a<^ng  ih 
■  cbordi,  il  is  murh  more  couvenieal  lo  tel  oft  Ibe  anglei  l>y  msBiu  ora  prcMraclor,  or  circular  a 

•Ot  by  using  in  the  iuinlogy,  ladim  ;  re  .      ■     .       .    ^ ..     —.:.. 

■(Is.  iaslaa'l  "f  r-oiecaut  angbt  :  racliui. 


RIOHT-ANOLED  TRIUONOHETHY. 


Ejiwnrt  fititn  45"  to  33"  IS" 

end  thnn  51 
ilio  hem  163  to  the  bypotenuw  VMS, 


BY  GUNTER. 
the  iiue  of  tangents ;  that  e 


D  the  line  of  nunibenfc 


tt  wLI  roii^  fhnn  tht 
extent  will  reach  IhMt 


CASES  IV.  AND  V. 
Hit  hyp<AawM  and  one  Ug  givet,  to  find  (ft<  oi^to  and  otter  Ug. 
Given  the  1^  Ait  SI,  and  the  hypotenuse  AC  17(1.  being  to  find  the  angle  ACB 
BAC,  and  die  feg  BC.  a 

HY   PROJECTION. 
Dmw  BC  at  pleaaure ;  on  B  erect  the  |>er|)eniliciilar  BA,  which 
make  equal  to  91 ;  lake  170  in  your  cornpaKBea,  and,  with  one  foot 
on  A,  He!u:ril>e  an  arc  (o  cut  HC  in  C ;  join  A  aiid  C,  and  it  is  done; 
Ibr  the  angle  C  is  33^  SS*,  the  ontsle  A  ^7°  3&,  and  BC  14aa 

BY    LOGARITHMS. 
By  making  the  hy|M>tei)uae  lodiuB,  we  ahalt  have. 


tx 


To  fitid  the  angle  C. 

Ar  the  hyirfitenuse  17U 1IJ3004S 

I»  to  radius 10.00000 

Bo  is  the  perpendicular  91 1.95904 

To  Bine  angle  C^aaPa? 9.72359 


To  find  tlie  base  BC.* 

Aaiadiua 10.00000 

la  to  the  hyiwtenuae  170 IISWU 

SoistheMiieangleA  ST'aS'..     tfJMOe? 
To  the  Iwe  BC  14a6 ^15712 


BY  GUNTER. 

Rxtend  from  the  hypotenuse  170  to  tJte  uetpeiulicular  91,  on  the  I'uie  of  nutnhers ; 
thai  extent  will  reach  Irom  mdiufl  to  the  angwC,or  thecomplememof  BngtcA=3^39' 
on  thelineofeinev. 

3dly.  Extend  irom  rndiue  to  the  angle  A  57°  38',  on  tlw  line  of  mne« ;  tliat  extent 
will  reocli  fioni  the  hy])oteuui*e  170  to  the  base  14!L6,  on  the  Une  of  iiunibera, 


CASE   VI. 

The  tegv  gwen,  la  find  Me  mtf^  and  hypotenoK. 
(^ven  the  lega  AB  178,  and  BC  141,  to  find  the  angle  BAC 
hypotenuse  AC. 

BY   PROJECTION. 
Mnke  BC  equal  to  141,  and  on  B  erect  llie  perpendicular  BA, 
which  Diuke  equal  to  178;  join  AC,  and  it  is  done;  for  the  siigte  C 
■8  51°  37';   consequently  the  angle  A  38°  S3',  and  the  hypotenuse 
227.1. 

BY   LOGARITHMS. 
By  making  the  beae  ladius,  we  aball  have, 


To  find  the  angk 

Ab  the  base  141 3.14933 

Is  to  radius 10.00000 

So  is  the  perpendicular  178  .. .  2.35042 

To  mngent  angle  C  Sl°  37' lO.lOia) 


To  find  the  hypotenuse  AC.f 

As  radius 10.00000 

Is  to  the  baiw  141 . . 
So  is  the  secant  i 
To  the  hypoteou 


iigle  C  5P37'  U)3069R 
AC  227.1..    2J15CJ6 


BT   GUNTER. 

Tlie  extent  from  141  to  178  on  the  line  of  ntirab«B  will  reach  tmta  rediua,  or  45 
deerfes,  to  the  angle  C  51°  37',  on  the  line  of  tangents. 

Sdly.  The  extent  frotn  the  sn^le  C  51°  37'  to  radius,  or  90°,  on  the  line  of  ainea, 
will  reach  from  the  perpendicular  178,  to  the  hypotenuse  297.1,  on  tlie  lineof  numbera. 


>  When  Tou  Uk«  ^  lu.  ai 

■diag  lie,  which  il  BMK  CDI 

■riaiinn  oriba  loE.  'iM  oTiui  an 
t  \V)RaGn<liDs  AC.  il  ii  beo  M 


in  the  oDe  found  by  making  Ihi  pcrpendiculur  rscliua 
eu  ihnn  Uie  CDrTCHXHidiiie  variaiian  ofihe  Inr.  tniweni. 
kelhggm><»lBd>i>dt"-  '— '■ .*-.j«...-  .. 


Sjr; 


unple  il  would  Se  ralher  prefenble  ia  u>«  (ho  pofpcudiculu 


OBLIttUE  TRIOONOHETRT.        ■  41 

aUESTIONS 
To  exenise  tkt  learner  in  Right-aagUd  Plane  Trigonometry. 

Qwtftm  I.  The  hypotenuse  496  miles,  and  the  angle  oppoiite  to  the  base  Sfl°  15 
pven,  '*)  linil  the  hase  imd  perpendiculur. 

Jhmorr,  Base  41S:4,  and  the  perpendicular  375.6  mileik 

Quuf.  3.  The  perpendicular  275  leagi 
given,  lo  finA  the  hypoteoiue  and  beee. 

Ant.  The  hypoteniue  495,  and  base  41)^  leaguaa. 

Qtust  3.  The  haw  33  yante^  and  the  angle  oppoaite  to  the  perpendicular  53°  96 
given,  to  find  the  hypotenuse  aiM)  perpendicular. 

Ant.   Hypotenuse  55.39,  and  the  perpendicular  44.49  yiu<dB. 

Quuf.  4.   Tlie  hypriRDUse  575,  and  perpendicuiar  SO  miled,  given,  to  find  the  base 

Ata.   Base  57^  miles. 

Quu(.  5.  The  hypotenuse  59,  and  tue  base  33  mileas  given,  to  find  the  per 
pendicular. 
Aau.  Perpendicular  48.9  milea. 

QiumL  6.  The  base  33,  and  perpendicular  53  leagues,  given,  to  find  the  hypoiiiiias" 
Am.  UypoieDuse  61.S9  leagues. 


OBLIQUE    TRIGONOMETRY. 

CASE  L 
7W  ar^b*  and  one  tide  given,  to  find  either  of  tke  kgt. 

Given  the  angle  BAG  =  100°,  the  angle  ACB=54°,  and  the  leg  AB;=2aO,  to  find 
diendes. 

BT  PROJECTION. 

Subtract  the  sum  of  the  anelet  A  and  0  £-om  180°;  the  remainder  will  be  the 
angle  B=r:2t!°.     Draw  the  indelinite  liue  BE,  abo  „ 

the  line  BH,  making  the  angle  EBH  — 26°;  oi.  BH  J^ 

set  off  BA  aaO.     On  A  make  the  an^k-  BAC  IfXF;  ^^ 

then  AC  will  interaect  the  line  BE  ill  the  point  C,  ^...'■""''^X 

which  couipletea  the  triangle,  and  BC  will  measure  ,,s''^  4)V 

(on  the  same  scale  from  which  BA  was  laid  down)        ^^^^^ — '■ — ■ ; — i£ B 

a(Sneariy,aiidAC]19. 

BT   LOGARITHMS, 
To  find  Ba 
.\s  the  aine  of  the  angk:  C  54°. .  9.90796 

Istotlie  sideARSQO 3L34243 

Son  the  uueof  the  angle  A  100°  9ilH335 
12.33.'i77 
9^)796 

To  the  rideBC9F7.8 2.48781 

BT  GUNTEE. 

The  extent  from  the  angle  C  =:54°  to  the  angle  A,  or  its  supplement  80°,  on  the 
■nes,  will  reach  from  AB  =  220  to  BC  =368,  on  the  line  of  numhere. 

adiy.  The  extent  from  the  angle  0=54°  to  the  angle  B— 20"°,  on  the  smes,  will 
reitch  from  AB=220  to  AC  =  119,  on  the  line  of  numbers. 


,  11  Thior««  II. 

To  find  AC. 

So  ia  the  ffliie  angle  B2ff'... 

...  9.64)84 

)l.tl8436 

a.00796 

TotheaHeAC1193 

...  ajfffiso 

tt  ■       OBLIQUE  TRIGONOMETRT. 

CASES  n.  AMD  lU. 
Tteo  tidetjOHd  on  aagU  oppoMte  to  m 

.Vo(*.    It  nifty  be  proper  to  ohnerve,  that  if  the  given  angle  be  obiiue,  ilie  angle 
Bought  will  be  acute;  but  when  the  giveo  an^le  is  acute,  and  apiiosit/!  to  a  sliorter 

Slven  bmIc,  ilien  it  is  dotilitful  whether  the  ref{Uired  angle  be  acute  or  obtuse ;  it  ought 
lerefore  to  be  given  by  the  coadiiioos  of  the  problem. 


Let  tliere  be  given  the  eiile  BC  137,  the  mle  AB  313,  and  the  augle  A  23i°,  to  &id 
the  otlier  side  AC,  and  the  angles  A  BC,  UC.V 

BK    .'BOJKCTJON. 

Drawthe  indefinite  line  PE;  make  the  angle  DAB  =  2:tj°;  on  AD  aet  off' AB=3t3 
then  on  B,  with  137  in  your  corn|ia»u»,  taken  from  the  satiie  sctUe,  describe  an  air 
cutting  ii'E  in  tlie  poinin  C  aiid  G ;  join  BC, 

BG,  an<l  it  m  done  ;  tiir  thu  triangle  may  lie  ^j> 

either  ACB  or  AGB,  according  m  tlie  angle  C 
or  G  *w  w^ute  or  t^itunt:;  if  that  angle  be  acute, 
the  triangle  will  be  ARC  ;  the  side  AC  will 
memnire  SOS,  the  angle  ACB  will  meaiuin!  .%1°, 
and  liic  angle  ABC  will  measure  lld°  ueurlj' ; 
"   '  'it  the  Imse  be  obtuw;,  tile  trit 

lele  AGB  will  measiiru  Uli",  and  the  augle  ABG  IflP,  neariy. 

If  the  Bide  BC  had  been  given  greater  tJian  AU,  there  could  have  been  only  one 
answer  to  tliis  problrm;  (or  in  that  case,  the  |iuiDt  G  woidJ  ha\'e  fallen  im  thn 
continuation  of  tlie  line  CA  lowanis  F,  in  whici]  caae  the  aiiirie  A  of  the  triangle 
would  become  equal  to  FAB,  instead  of  beitig  equal  to  its  sup|iioinent,  as  is  required 
by  the  ronditioDS  of  the  problem. 

BY   LOGARITHMS,  ar  Thioseh  U. 
To  find  the  angle  C  en-  G.  To  find  AC, 

IbBC  137 S.ISr.TI        Ai  sine  uijje  C  38"  ly 9.7»IO 

li  i'<  ilic  niit  nf  aueic  AXU° 9.60070        Itia  ABtHJ 2^m3a 

Sobihe  tide  AB  113 taXiSa       &ou  •ine  ugte  ABC  IIS"  11' 9.J43I9 

iaji7357 

9.7itt40 

to  AC30O 1.48117 

To  find  AG. 

J~_2  AimneaorleOHloir 9.79!«: 

Angle  ABC.. ..  118  II    ABG    U  49  lno  AB  SI3 3.32838 


-;^.- 


■ina  uigle  ABG  l-l='4S' 9.-t077t 

11.73KIG 

9.7MW 

iaAG  875 l9Km 

BY  GUNTEtL 

iBt  The  e«em  from  HC  =  I37  to  AB  — 213,  on  the  line  of  numbera,  will  reach 
fVtjm  A  :^  334°  to  38°  Iff,  on  the  line  of  sines,  which  is  equal  lo  tl)e  ar>^  C ;  its 
supplement,  141°  41',  being  equal  to  the  angle  G. 

SMIy.  The  extent  from  the  angle  C  =  :WW  lo  GV  49'  (the  Biipplement  of  tbo 
angle  ABC,  118°  11')  on  ilie  sines,  will  reach  from  AB  =  213  to  303,  nearly,  on  the 
line  of  numbeis ;  therefore  the  side  AC  :=  303. 

Or,  tlie  extent  from 
14^  49',  on  the  unes,  w 


D,g,;,zeclbyG00gIC 


OBLIQUE  TRIGONOMETRY. 


Given  the  fude  AB  110  tiiilea,  AC  80  tnilen,  nnd 
•nicle  BAC  IKP  0',  Co  find  the  angles  IWA  uud  CBA 
sndthesidn  BO 

BY   PROJECTION, 

Draw  th«  iiiilefiiiite  riglit  liiie  AD,  on  vnh'mh  wt 
ulf  AB  =  ]10;  iiuike  Uie  Hncle  EAB^iW";  una  »n 
AE  set  off  AC  =  80;  join  HiG.and  il  is  Hone;  for  EC 
nill  uieaeurK  on  the  former  Hcale  143,  anil  the  angles 
B  and  C  will  tneasure  33°  55'  and  50°  5',  reepectively, 
Ml  the  line  of  cbonia. 

BY   LOGARITHMS. 
To  find  the  angles  Band  C,  hy  Theorem  III. 

Ai  (Din  or  ».!«<  AC  tmd  AB  ISO t.nsi5 

U  W  HitinHSenace  SO I.4TT13 

So  i,  IBIV!.  4  Si..,!   om,.H,.el«)^o  y.g5444 

«  eompleinenl  of  i  angle  A  \ 


11.4: 


To  find  ilie  ude  BC,  by  Theorem  IL 

Li  liiw  angle  1)  33°  65' 3.74651 

iioACaO 1.90309 

Of  iuiuppremeB.  84   0  ( ^'^"^  ' 


orhBirdifle. 

,nce. 

•  Jl*'='9.l«81 
.  M    5 

BY   Gl 

ToiicU 

uiuigleB.. 

HTER 

loBC  I42.G ■, i.la 


iK.  The  aOem  fh>m  the  mm  oT  the  riiles,  190,  to  their  difii^rencc,  30,  on  the  line 
or  numl>ere,  will  reach  &om  the  half  miin  of  tlie  Biigles  B  and  C,  42°,  to  tlieir  lialT 
rfiffereni«,  8°  .V,  on  the  line  of  tangents.  The  i>iun  of  this  hnlf  wiiii  and  half 
dif&r^nee  gives  the  angle  C  50^  .V,  and  iheir  difftrence  the  angle  B  33°  55* ;  ihA 
graateat  angle  being  ojijxMite  to  the  grentt'Ht  side. 

ifdly.  Tlie  extent  from  the  nngle  B  Xf  5.V,  to  the  angle  A  W  (or  ita  sui.;.len.eDl, 
84°)  on  the  line  of  eiiiee,  will  reach  from  tlie  dide  AC  80,  to  tlie  rade  BC  14:j.(i,  ou  tlia 
Sue  of  nuniltetB. 


CASE  VI 

7^  thrtr  tidti  qf  a  pUaw  triarifrle  gitien,  to  find  Iht  impha. 

The  wdw  AB  85,  BC  57,  AC  108,  given,  to  find  the  angles  ABC,  BAC,  BCA. 

BY  PROJECTION. 
Drew  the  line  AC,  and  make  il  equal  to  !09 ;  take  55  in  roiir  coni)ia»eB,  and,  with 
one  foot  01  the  (loint  A,  deerrilie  an  iirv ;  then  take  the  ditrB''ce 
57  in  yoni  com|iHS8es,  anil,  with  one  fool  on  C,  de«:ril>e  anoU.or 
vu  iuterneeting  the  funner  urc  in  tlie  point  II ;  jiijn  AB,  CB, 
aud  it  id  done ;  for  the  angle  A  being  nieiu<iired  will  be 
(buDd=3li'',  B=:97°,  and  the  angle  C  =  51i°,  nearly. 

BY   LOGARITHMS,  ar  Theorm  IV. 
Suppose  BD  10  be  ih^wn  pi^rpeniticular  to  AC,  and  that  AG  =:  GC. 

s  Die  base  AC  IDB Lo;;.  t.033«f 

;.  I.I5Sa 


8ida  BC  = 


Siunol  Iheiidn 143 

DiHerence  of  ihe  «d« _SB_ 

Halfbaae  AC S4 


-  -  —  of  Uw  ndei  AB  aiid 

BC  \4A I.. 

So  in  the  iliflrreuce  of  ihe  udes  AH 

aod  BC  W Log.  1.44'.  16 


U  OBLIQUE  TR100N0H£TRT 

Haviilf  dirkled  the  triaiigle  into  two  rigbt-aDEled 
Immm  of  which  are  giveu,  we  may  find  the  an^es  By  1 


To  find  tlie  angle  BAD. 

Ai  Ibe  hypnleiJius  AB  3S Log. 

'a  u>  rmfiui 'J0° Log. 

eoiilhegrealeiiteg.  AD73^...Log. 
nieonueBADsSPSe' L<«. 


To  find  the  angJe  BCD. 

Ai  the  hj-poienuu  EC  Q7 Ldf.    LlbBBl 

Iitoradiiu  90° Log.  lO.OOOOC 

3o»1heleBsl9«ginentDC3S.G...Log.    IMlib 


Sublracirrom 180    t 

RemniiuugJeABC    91   C 


BY  OIjNTER-8  scale. 
Ibl  The  extent  fh>m  the  base  ACTIOS,  to  the  Bum  of  the  sides'143,  on  tite  line 
>f  nunilwni,  will  reach  from  the  difference  of  the  aides  38,  to  twice  DG  36^  on  the 
nme  line  of  nuinliera. 


W  tite  toinpieinent  of  t)ie  angle  BAD. 

3(lly.  llifi  extent  from  the  hy|K>tenUBe 
tbe  luie  of  numlKrH,  will  reach  on  the  eL 
the  coiii|)lettieiit  uf  the  angle  BCA. 

Thiscase  niay  be  solved  without  dividmg  the  triangle  iototv 
by  Theorem  V. 


To  find  the  angle  A. 
BC=   ST 

AB=    SaArilh.Comp.I^g.  S.OT0Se 
AC  ^  108  Ariih.  Comp.  Log.  7.96658 


rialf*DiB....  WW      CouM      Log .  i 
t  Md  M  it  ..  ^r%  —  li^  A. 


>  rigfat-dngled  triangles, 
find  the 


Having  the  angle  A,  we  may  t 
angle  C  oy  Theorem  II. 

AiBi'itT Log.  L7SSB; 

"  Log.  9.7I93I 

,Lcg.  isisa 

11.64874 


t-^.tr.t 


Tolbawwof  aDglsCSIon  .... 


izedbyGoOglC 


ASTRONOMY   AND    GEOGRAPHY. 


1 
pill 


AsTaoNOWT  ia  the  acieiiee  which  treanof  ihe  motionauid  diMuiceaof  tho  buarpnlf 
bodies,  anil  of  ihe  iii^KunineiM  theoce  ariiiin^. 

GiosRAPHT  IB  the  science  which  treala  ot  tlie  Bituatioiw  and  disauieesof  theva/ioui 
Wtt  of  the  iurface  uf  the  earth. 

The  common  oninion  of  oetroDomera  of  the  prest^nt  day  is,  that  the  univerje  ii 
composed  of  aD  inliiiite  nuinher  of  eyetetna  or  worlds;  that  in  every  eyMeni  theru  ara 
eerrt^D  bodies  moving  in  free  space,  and  revolving,at  ilifftsrenl  distanceN,  round  a  hid, 
placed  in  or  near  the  centre  of  the  system ;  and  tuat  these  aiina,  and  other  boilieti,  are 
the  Stan  wliicli  are  aeen  in  the  heavens. 

The  Soi^R  SrsTEif,  so  culled,  is  that  in  which  our  earth  it  placed,  {tod  i[i  which 
the  sun  is  su])|Ki«ed  to  be  fixed  near  tlie  centre,  with  teveial  hodies,  similiir  lo  our 
earth,  revolviiig  round  at  ilifTereiit  dimauces.  This  hy|>otheiiis,  wliich  is  fully  conlintwd 
'     oheervatioii,  is  called  the  Co|tt)niii-Hn  System,  from  Nicholns  Coiieniii'uii,  a  Pujinh 

llo80])hirr,  who  revived  it  about  tlie  year  1500,  alter  it  liud  Iweii  lititioii  in  olilivioD 
maiiy  ages. 

Stan  are  distinguished  into  two  khids,  JLred  and  vxmdering.  The  Ibnner  are 
BupiKMcd  to  be  nins  in  the  cenires  of  tlidr  Hystenui,  slilniiig  witli  their  own  light,  aud 
prvxerving  nearly  she  same  situation  witli  r««pRct  lo  eacn  other.  Tliuy  an-  iiwinlly 
disringiiiHTifd  by  their  briglitneau,  the  largest  lieiiig  called  of  the  first  innffnitiiile,  and 
tlje  siiuillest  visilile  to  the  naked  eye  lieing  of  the  Rixth  or  seventh  niugnillule,  A 
CtmtUUaivm  '»  a  nitml>er  of  stara  which  ap|>enr  near  to  each  other  on  tlie  t^oitcava 
miriace  uf  the  heavens,  and  astronoiiiera,  fur  the  sake  of  reniemherllig  them  with 
greater  ease,  siiminse  them  to  Lie  cirruiiiH'ribed  hy  the  outlhies  of  some  animal  or 
other  figure.  Wcuulerlng  Murs  are  those  iKMlies  wittiin  our  system,  or  celestial  sphere, 
wliicli  reviilve  round  the  sun ;  iliey  appear  liiininouH  hy  reflecting  the  light  of  ths 
aim,  and  are  of  tinve  kiiiils,  namely,  onnion/  planett,  tteonilanj  pitmetM,  and  comeia. 

The  Primary  PlaneU  nre  bodlcM  which  revolve  round  the  sun  as  the  centre  of  their 
cuuraes,  tlie  motions  being  regiilarly  peribnned  in  tracks  or  imths,  called  orbits,  that 
are  nearly  ctn-iihr  and  I'oncpntrical  with  each  otlii;r.  A  Seeaniliiru  Planet,  SaUllUt, 
or  Atoon,  ix  n  l<ody  which,  while  it  ia  corrieil  round  the  Bun,  revolves  also  ninnd  a 
(irimnry  iilnnet  Comttt  tre  bodies  which  move  round  the  sun  in  very  exceiitricaJ 
ortaita,  with  vunl  HlninHj>lin'es  alioiit  them,  and  tails  derived  from  the  same. 

There  are  Ecventeen  primmy  planets.  *  which,  reckoned  in  order  from  tJio  anij,  areas 
follows : — Mercury,  Vrnus,  the  ikrth.  Mars,  Veaia,  Juno,  Pallas,  Ceres,  Astrea,  HebS) 
Iris.  Flora,  MeliH.  Jupiter.  Sainni,  Uranuti,  and  Neptone. 

MmriiiT  and  Venue  are  t-nlled  inftrioT  pUmfU,  because  their  orbita  are  within  fha 
nith'a;  tne  othem  are  called  rupenor  planttt,  na  their  orliits  include  that  of  the  curth. 

The  Sen,  the  linit  and  ureaten  olijert  of  a-ttmnouiical  knowledge,  is  placed  UL-ur  the 
centre  of  the  orliitsof  all  the  planets,  and  turns  round  itsaxisintiS^  dava.  Its  dianteter 
ie  BS:],000  Englisli  inilea,  and  its  mean  distance  from  the  earth  95  miirions  of  milutt. 

Mfrcurt  Ir  ilie  team  of  nil  the  planets  known  l)efore  the  discovery  of  Vesta,  Juno, 
Pallas,  and  Ceres,  and  is  the  nearest  to  tlie  sun,  his  mean  distance  from  that  luiniuarv 
lieing  37  millions  of  niiles.  Ills  i>erin<Iic  revolution  in  his  orbit  round  the  sun  la 
perfnminl  in  B7  days  23  hAiira,  and  his  diameter  is  iilKiiit  3300  miles. 

Ve.mib  is  the  linghteet  of  all  the  plimets.  Her  diameter  is  7fS7  miles;  her  mean 
distance  from  the  sun,  W  milliona  of  miles;  and  her  |teriodic  nvolutioii  is  iNtrforined 
in  234  days  17  hoiire.  When  this  planet  ie  in  that  pan  of  her  orbit  which  is  went  of 
the  tun,  she  rises  before  him  in  the  morning,  and  is  called  the  momiiu-  ttar;  when 
the  is  in  the  eastern  {lart  of  her  orbit,  ehe  shines  in  the  evening,  after  he  sets,  anil  ia 
called  the  ntning  *tar. 

The  next  planet  ia  the  Earth,  the  diameter  of  which  is  7914  miles,  the  distance 
ftom  the  Sim  95  millions  of  miles,  and  the  time  of  revolution  round  the  sun,  one.ycat 
The  earth  turns  round  its  axle  from  west  to  east  in  23  hours  S6  fninutes,  whiith 
'--s  the  apparent  diurnal  motion  of  the  sim  and  all  ihe  h?  — Titv  UidieB  roimd  it 
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ttotn  ittst  to  west  in  lh«  utne  time,  Rntl  is,  of  couree,  t}ie  cousp  of  llieir  rHing  and 
Mltii'g,  of  dny  anil  night.  Tlie  axis  of  the  csrtli  is  iDcliiied  itbuui  33°  Sy  to  tli«  plajM 
of  lu  oriiit,*  sikI  keeps  nearly  in  a  dinxMioii  pontllcl  to  iliielf^  lliruiiKhout  its  iiiillillJ 
ctHiiKK,  which  causes  tlie  return  of  sjiriiig  and  aiiiriiiier,  autiijim  aiid  wuiter.  ThiiB  the 
diurnal  motion  gives  us  the  grateful  vicissitude  of  ni^ht  and  duv.und  iheaonnal  morion 
the  regular  succession  of  the  seasons.  The  esrth  is  attended  by  a  satellite  called  the 
MouH,  whose  diuitieter  is  3161  inilea.  Her  distance  frnni  the  centre  of  tlie  earth  is 
340,000  miles.  She  irncs  round  her  orbit  ui  27  days  8  hour«;  liut,  reckoning  from 
change  to  change,  ia  Si'i  dnya.  Her  orbit  is  inclined  to  the  ecli|)tic  in  an  angle  of 
5°  iV,  cutting  it  in  two  iNiiulB  diametrically  opposite  to  each  other,  culled  her  nodtt. 
As  the  moon  shines  only  by  tlie  reflected  light  of  'he  sim,  she  must  u|)pear  diffcreul 
when  ill  ditferont  situations  with  respect  to  thut  luiiilnary.  When  she  in  in  conjunction 
with  the  siui,  Iter  dark  side  ia  tunied  towards  liie  eartli,  which  rendera  her  invisible ; 
tliis  is  calleil  new  moon:  when  she  is  in  oppoeitioii,  her  light  side  is  wholly  visible  from 
the  eanli  i  this  is  colled  full  moon. 

If  at  the  time  of  new  moun  slie  ia  near  to  either  of  her  nodes,  she  may  intercept  a 
part  of  the  stici's  light,  and  dius  cause  an  edipte  of  the  sun ;  and  if  she  is  near  either 
of  lier  uoiles  at  the  time  of  full  nioon,  she  may  paaa  into  tlie  shadow  of  the  eortli,  and 
cause  an  telipit  oftht  moon.  In  a  similar  itioimer,  when  the  inuon  |uuees  between  an 
obecrver  oir  tlie  earth  and  a  star,  it  is  called  an  occupation  of  the  star.  The  instant 
wh:;n  the  moon's  liinb  firai  covers  the  sinr  is  called  tlie  immernon,  and  tlie  moment  of 
its  reappeuniiicc  is  ciilled  die  emergion.  Wlicn  Mercury  or  Venus  pawes  hetwemi  die 
sun  and  an  observer,  and  appeaiu  to  pass  over  ilie  aun'a  disk,  it  ia  called  a  fronnl  of 
Mercury  or  Venus.  Ecli|xies,  occultaLons,  and  Lransits,  ore  of  great  iuilHirtauce  in 
aBceniuniiig  tliu  lougitudiM  of  places  on  die  earth.  Eclipses  of  die  moon  furnish  a 
convincing  proof  of  die  rotundity  of  tlie  eartli,  since  the  shuiiuw  of  the  eartli,  seeii 
upon  dii:  moon  when  eclipsed,  in  always  circular.  This  is  further  continued  by  the 
appearance  of  objects  at  sea;  for  wlieu  a  ship  is  making  towanls  the  la)ld,the  mariners 
first  desi^ry  the  lops  of  Kteeplea,  trees,  ic^  pointing  above  the  water;  tliu  lower  partii 
beuic  liid,  by  reason  of  the  curvature  of  the  earth. 

Tlie  eanli  is  not  a  jwrfect  giolie  or  sphere,  hut  is  a  little  flanened  at  tlie  poles,  Iteing 
Dearly  of  the  figure  of  an  oblate  Rpheroid,  the  equatorial  diameter  being  about  2()  mileft 
kingur  tlion  tlie  polar;  liut  since  tliis  difference  bears  lait  a  small  coMiparison  bi  the 
whole  diuiiiirler,  we  may,  for  all  the  pracucal  puqioses  of  navigiiiion,  coiisiiler  tlie 


eanb  as  a  iiertbct  sphere,  as  will  ha  done  in  the  rust  of  this  work.    The  iiaun.! 
"  "       ftli  will  oe  Mveu  hereafter. 

tt  planet  to  the  eartli.    His  diameter  is4169  miles.    Hisdistancefrom 


tile  sun  if  144  iiiillions  of  nules,  and  his  jicrioilic  revolution  is  |)erfuriiHxt  in  ulioul 
fibT  dn}«.  \\f.  rfvulves  rouud  his  skIb  in  24  bourn  40  minutes,  appearing  of  a  dusky- 
reddiali  huii,  oiiil  is  siip|KMed  to  be  encompassed  witli  a  very  great  iiiiiioHphi'p'. 

Bettreeu  Hon  rJi<l  ^upiLur  nro  aitoated  eleven  plaiietB.§orB8teraidB,Tiz.  Veata,  Juno, 
PoIIbh.  Cerea,  A.itraa.-t  Hebe,  Iria,  Flora,  Metis,  Hygeia  wid  Parthenupe. 

VUTA  was  d'lseovereu  ny  Dr.  Olbera,  of  &«nieti,  on  die  ;fttth  of  Rlarcli,  18(17.  Its 
mean  diitiuici'  from  the  sun  Is  about  3S4  millions  of  miles.  Its  perioitic  revolution  is 
itertbntietl  ui  \''t^t  days. 

Juno  wa-  di»cuvcred  by  Mr.  Harding,  of  Lilieiithal  (near  Bremen),  on  the  fiTst  tA 
Beptemlicr,  ISD4.     It  iipiiears  like  a  star  of  the  eighth  magnhude.     Its  dntance  from 

(he  sun  is  almut  2.>)  indlions  of  miles.    Its  (leriodic  revolution  is  (icrfon I  in  ISS 

dava.  The  iiicllnatiuu  of  its  ortiit  to  die  ecliptic  is  ia°  4',  and  die  excentrii-ity  of  the 
orGittOifS. 

Pallas  was  also  discovered  by  Dr.  Ulbers,  March  '28, 1803.  Its  diameter,  acJ^onling 
to  Dr.  Herwhel,  N  only  110  miles.  It  appears  like  a  suit  of  tlie  eiglidi  iiiagiiimae 
Its  nicaii  distance  from  the  sun  is  about  %wi  iiiilliaim  of  miles.  Its  |>erii>dic  revolution 
ia  perfoniied  in  l(>86  days.  The  inclination  of  its  orbit  to  the  ccliiKic  is  34°  35',  and 
the  exceiitricity  of  tlie  orbit  QStA'i. 

CaaKH  was  discovered  by  Mr.  I'iazzi.ofl'alemio,  on  the  fiiM  of  January,  1601.  Its 
dioiiieier,  according  to  Dr.  Herschel,  is  only  lliO  miles.  It  sp|H!ar»  like  a  star  of  the 
■eveiiih  oreiglidi  magnitude.  Its  distance  from  the  sun  isabout'.i(i:)  millions  of  niilee, 
■nd  its  (leriuilic  revohiuon  is  perfonned  in  ItiSS  days,  being  at  nearly  die  xume  dtntaiice 
fioin  tlie  sun  us  Pullus.     The  iiwliuauou  of  die  orliit  of  Ceres  lo  die  ecliptic  a  10°  37', 
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anil  th*  fiXPt-niricity  0.077.  The  BhiiMwm  of  the  i  odes  of  the  two  plmietB,  Ci^rea  and 
Palluti,  Hii<1  tliu  iiii.'iiiiiiiion8  of  their  orbits,  are  very  ililTcrKni  Irorii  i-airli  ottior,  wt  timt 
whi!M  thiiHi'  |>liui<^tii  un:  in  tlic  Dniiie  pluiii.-,  ihey  are  nt  n  great  iliraiuKe  rruin  i-iu:]!  uiIkm- 
uotwiihsmuiiliii)!  their  mean  dknaiium  from  the  bud  are  nearly  eqiml.  It  hai>  been 
mppOHeil  by  Huiiie,  that  thene  Miiall  boitie«  ore  tingnicniH  ofa  tbniier  )>laiict 

JupiTRR  v  ailiiiucil  Btill  higher  it)  the  iqnKein,  and  w  the  largcM  ol'  all  the  |)lnneta, 
beuig  (easily  (liKtintpilsbod  fmtn  them  by  his  peculiar  tnasiiitude  aiid  li|^  Hit 
diameter  is  8^170  iiiiIm;  his  distance  rmm  the  Hin  4!M  millions  of  mili-M;  niid  the 
Dme  nfliis  ]>erio(lii'  revuliitioii  is  4SXli  days.  Though  Jupiter  i*  the  Inret'iu  ot'  all  Uie 
plimctH,  yet  liia  diumal  revolution  ia  the  8i>ifte8l.being  otily  U  lioiirs  and  56  iniiiiitps. ' 

Jii|iili.'r  is  attimili'd  l>y  tour  Batellties,  invisible  to  tlie  naked  eye  ;  but  ilirnu;;li  a 
telpBrope  iliey  make  A  beautifiil  ep{ieurnnce.  In  speaking  of  thrrn,  wc  di^niMgiiiHli 
them  accordtiig  to  llieir  places,  into  the  firat,  seconit,  and  ao  on ;  by  the  linn  wr  uieaii 
that  which  is  iiearesi  to  ihe  planeL  The  appearance  of  thuie  ent(.>lliti«  in  iiinrkiHl  in 
tile  XlXth  (Hige  of  tlie  Nautical  Almanac  for  some  i>ar1icular  hour  of  tbi-  iiif-bi ;  tlie 
times  when  they  are  ecliiMed,  by  pausing  iolo  the  slmilow  uf  JupitiT,  jirK  also  {.'ivi'u  in 
tbe  Nauiieal  Almanac;  theatt  eclipses  are  of  aotne  use  in  determining  the  liiiiijiiiKlea 
of  places  oti  the  earth. 

■  Before  tlie  difcoviTy  of  the  plaiwl  Uraims,  SiTtjas  was  rei'koned  ibe  miiht  n'ltirte 
plaitet  of  our  system.  He  shinex  with  hut  a  pole  and  tet^lile  liitin.  Ilix  diiiui'ti'r  is 
^if,04Si  mileti;  liis  diKtance  from  tlie  aun  907  niilliona  of  tnili'si  anil  hiM  |H-ri<Hlic 
revolution  in  his  orliit  ie  performed  in  about  29  years  lb7  dayti.  This  [>l;im'i  it 
eurroundid  with  a  broad,  dal  ting,  haa  a  diurtial  revolution  roiuid  its  u.xIh,  iuiiI  is 
«Itended  by  seven  satellites. 

By  sonit  observationB  made  by  Dr.  Heraohel,  il  appeared  that  tlie  liirfcitt  iliaineter 
of  &tum  corresponda  to  the  latitude  of  45°;  but  from  later  oliservalions  lie  lin.-'  Iieeo 
induced  lo  believe,  tbut  -this  irregularity  is  owing  to  an  opticul  deception,  Hriniitg  Irotn 
the  relructiou  of  tlie  light  in  passing  through  tlie  alinusplietv  of  the  hug. 

Urajhis.  Heranhel,  or  Georifiiim  Sidiia,  was  di«covered  in  the  year  1781.  by  Dr.  Her- 
•chel,  thongh  it  had  been  seen  several  times,  but  had  been  cnn^iilfred  bk  a  tixi-il  nur. 
Its  diftmeter  is  3S,109  milea;  ita  distance  from  the  sun  ia  1323  millions  of  irilos;  and 
ha  periodic  revolution  in  its  orbit  Is  performed  in  83^  years.  Ur.  Hxrschcl  liart  .iImi  diri- 
covered  six  satellitn^  attending  thi»  planet. 

NEPTtme,  the  mom  remote  planet  of  our  systpm,  was  seen  by  Dr.  Gnlle,  of  B'-rlin.  Oi-t, 
S3, 1846.  Its  mean  distance  from  the  "un  is'2efi7  millions  of  miles — its  diani.'ier  i-  S  1.7S0 
miles,  and  ita  period  of  revolution  is  166  J  yr^rs.    Mr.  Lascelles  has  disc 


e  aWroiiomy  of  coinetn  is  yet  in  its  infancy.    The  rettirn  of  one  of  them  in  the 

'"'"         foretold  iiy  Dr.  Halley,  luid  it  hamiened  as  he  predicli-d;  and  ii  iiji|iciirfd 

lie  also  foietold  die  return  of  another  in  tbe  year  i7!<0,  )>tit  ii  nevtr 


appeared.  Ttiix  na»  nwitiR  lo  the  inaecurary  of  the  oliiti^r\'ati<itiK  of  ibi' 
former  ap]>i'Bmnre ;  for  Mr.  Mecliain,  biiving  collected  all  the  oliwrviiij'inj^  huh 
calculated  the  orbit  again,  found  it  to  dilt'er  esseiitiallv  from  Itinl  deleriuiiieil  by 
Dr.  Hnllcy.  Ollx-r's  comet,  which  B)>)>eared  in  1)^15,  has  a  revriliiiion  of  I'i  yinrs; 
and  Bnrlie's  i-oinet,  which  has  been  obsei^cd  in  several  succeswive  np)>r™u'lu-i'  to  the 
perihelion,  completes  its  revolution  in  the  ^ort  period  of  1304  dajre.  Itielii'it  nxnet 
nm  also  lieen  olMt-rv*-d  severs!  umes,  with  a  |ieriodica)  revolution  of  alvout  (<]  yciirs.* 

Comets  move  round  the  aun  in  all  directions ;  but  the  planets  and  sntidliti's,  c\i-e|it 
one  of  tbe  sniellites  of  tjmntts,  move  from  west  to  esst  when  seen  froui  tbe  mm  ;  but 
if  viewed  fnim  any  other  of  the  planets,  as  the  earth,  they  would  npiiear  to  revolve 
round  it  as  a  centre,  but  the  sitn  would  be  die  only  one  that  iiiovks  uiiiioniily  the  same 
way,  for  the  other  planets  woulit  sometimes  apjienr  to  move  from  west  to  east,  an<l 
then  10  stand  still;  then  thev  would  seem  to  move  from  east  to  west;  lUid,  aftei 
Blauding  some  time,  lliey  would  again  move  from  west  to  east ;  and  so  on,  coiitinuiilly. 
The  motion  of  a  planet  from  weal  to  east  is  called  the  dinct  motion,  or  acrordinfr  lo 
Oa  ttrdfr  of  Iht  ttgnt.  The  conlrary  motion,  from  east  lo  wcHt,  is  called  rttrogriuU. 
When  the  planet  ap|>ears  to  stand  Rttll,  it  is  said  to  be  itationary. 

To  illustmtc  what  has  alnimly  been  siid  relative  to  ttie  motions  an<l  distances  of  tfie 
fdanets  and  saiellites,  we  have  given  the  adjoining  f  lates  III.  and  IV.,  which  require 

In  iKHiiig  the  situations  of  the  stars  and  pliuiets,  awtronomeTa  have  been  under  the 
oncessity  of  uiiaginin^  various  lines  anil  i-in'les  on  the  sphere ;  and  gcogiBphers  hnvo 
done  the  satne  for  fixing  Ilie  situation  of  places  on  the  earth.  The  most  remarkable 
of  these  are  the  following : — 

A  p"^  drde  is  that  whose  plane  passes  through  tlie  centre  of  tbe  sphen; ;  and  ■ 
tmaucircU  is  that  whose  plane  does  not  pass  through  that  centre. 

A  diameter  of  a  sphere,  pen>endicular  to  any  great  circle,  is  calle<l  the  axU  of  that 
«trc)e;  antl  the  extremities  of  a  diameter  are  c^led  \a  poU*.  Hen;e  the  pole  of  m 
great  circle  is  90°  from  every  point  of  it  upon  the  surface  of  the  sphere ;  but  as  thfl 

■  TwmitraiiuU,  wllh  period!  varjiiigthiD  IB  ;Mn  to  SOW  7aan,»r«i»vkmira.  Octobor,  19M. 
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•xi*  ii  perpnudicular  to  tbe  circle  when  h  is  perpendicular  to  anj  two  radii,  a  point  tm 
tbe  nirftcB  of  a  Bphei«  96°  dialBiit  from  any  two  points  of  a  great  circte,  will  -be 
the  pole. 

'All  angular  duumces  oo  tbemirftceof  asphere,to  an  eye  at  the  centre,  are  meaauief] 
hy  arcs  of  gnat  circles.  Hence  all  triangles  formed  upon  the  sur&ce  of  a  spliere,  tix 
the  Boliilion  of  aphericsl  problems,  miut  be  formed  by  the  area  of  great  circles. 

Stcondarut  to  a  great  circle  are  gKM  circles  which  pass  llirough  its  poles,  an^ 
conaequutitly  must  be  perpendicular  to  their  great  circlea. 

The  axis  of  the  eaith  is  that  diameter  about  which  it  perJbrma  its  diuruol  imHioD 
and  tlie  extremities  of  Ibis  diameter  are  c«Ded  the  poleta  * 

The  laralHal  tquaior  m  a  great  circle  of  the  eartn  ^t^ndicular  to  its  axis.  Hence 
the  axis  and  poles  of  the  earth  are  the  axis  and  i>o\ea  of  its  equator.  That  half  of  tbs 
earth  which  lii.'B  on  ihe  side  of  the  equator  in  which  Europe  and  the  United  Stales  of 
America  are  eituaied,  ia  called  the  nqrihem  litmuphert,  and  t)ie  other  the  touthtrn ;  and 


Ttie  lonptude  of  a  place  on  the  earth's  surface  is  an  arc  of  the  equator  intercepted 
between  the  meridian  passing  through  Ihe  place,  and  another,  called  thecal  mmiitan, 
paaaing  tliroiigli  that  place  from  which  you  begin  to  measure ;  or  it  is  the  angle  formed 
at,  the  pole  by  tlieee  two  meriilinns.  The  Americans  and  English  geiinrally  place  the 
first  meridian  at  Greenwich;  the  French  place  it  at  Paris  the  SpulliardBi  al  Cadiz; 
some  geograpbera  place  it  at  Tenerjfle,  and  odiura  at  other  places.  Throughout  thip 
work,  Greeuwicli  will  be  reckoned  as  the  first  nieritlien.  The  lougiiude  is  couniec' 
from  tlie  hrsi  meridian,  both  eastward  and  Ivestwartl,  till  it  meets  at  tlie  same  meridiar 
on  the  opposite  point;  therefore  tlie  longitude  (and  ako  the  difference  of  longitude 
between  auy  two  places)  can  never  exceed  180°. 

If  tlie  plane  of  the  temttriid  equator  be  produced  to  the  sphere  of  tlie  fixed  stan,  it 
marks  out  a  circle  called  the  cde^tal  equator;  and  if  the  axis  of  the  earth  be  iiroduced 
in  like  manner,  the  points  of  the  heavens,  to  which  it  is  produced,  are  called  pofet, 
being  the  pokt  of  tlie  celestial  equator.  The  star  nearest  to  each  pole  is  calkd  the 
poI<  star. 

Beconilaries  to  the  celestial  equator  are  called  circtei  of  declinaiion ;  of  the«e  S4, 
which  divide  tlie  equator  into  equal  parts,  each  contoiuing  15°,  are  culled  hour  circles. 
'■  Small  cirrlas  iierallel  to  the  celestial  equator  are  called  paraUeU  of  decliiintion. 
i  The  tcntibU  horizon  is  that  circle  iu  the  heavens  whose  plane  toui^iiea  tlie  earth  at 
the  spectator.  The  rational  horizon  is  a  great  circle  in  the  heavens,  passing  thiougfa 
the  earth's  centre,  parallel  to  the  sensible  horizon. 

,  If  the  mdlus  drawn  from  the  centre  of  tlie  earth  to  the  place  where  the  spectator 
sQnds  be  produced  iKnIi  ways  to  the  heaveiis,  the  point  vertical  to  liitn  is  cHtlt^d  tiie 
zenith,  hikI  the  point  o|i|HHite,  the  luutir.  Hence  the  zcTutk  and  tuuiir  are  the  poles  of 
the  rational  liorizon. 

Secondaries. tu  tlie  horizon  are  called  vertical  circles,  because  tliey  are  perpendicular 
td  tlie  horizon.    On  tliese  circles,  therefore,  tlie  aUitudeof  a  heavenly  body  is  iiicasm-ed. 

The  secondary  conution  to  tbe  celestial  equuior,  and  the  horizon  of  any  |_iluce,  is  the 
etUttial  mtriilian  of  that  nince.  Ttiis  meridimi  curreHjjouds  with  tlie  Urratrvd  mtridi^m 
of  tlic  Millie  place,  which  puesea  tlirough  the  poles  of  the  eanh,  the  zeniih  und  iiacGr 
crossing  the  equator  at  right  angles,  and  cutting  the  horizon  in  tlie  iionli  and  soutli 
jipints ;  tliat  point  beuig  called  north  which  posses  through  tlie  nortli  jhiIc,  and  tbe 
o|)|Nisite  din.-otioii  is  called  louOt.  The  veniiral  circle  which  cuts  the  meridian  of  any 
l^ace  at  riglit  angles  is  called  the  prime  verticul ;  tlie  points  where  it  cuts  tlie  horizon 
are  called  the  east  and  uimI  points,  and  to  an  oliserver,  with  his  face  directed  towards 
the  south,  the  arjl  pointwtll  be  to  his  left  hand,and  the  uwst  to  his  right  huitd.  Hence 
the  east  and  wutt  points  are  90°  distant  from  the  north  and  south.  Thc»e  four  are 
called  the  carilinal  points.  The  meridian  of  sjiy  place  divides  the  heavens  into  two 
lieniispheres,  lying  to  tlie  east  and  west;  that  lying  to  the  east  is  colled  the  eaatetn 
heinispherc,  and  the  other  the  uwttern  hemitiphere.  When  the  sun  is  at  its  gn.-uit»a 
altitude  on  the  meridian  ofanv  place,  it  is  noon,  or  mid-day. 

The  admuik  of  a  heovenly  body  is  its  liistnnce  on  the  horizon,  when  referred  to  it 
b^  a  secondary,  from  tlie  north  or  south  points.     The  amplitude  is  its  distance  froHi  the 
a  iioints,  at  die  time  of  rising  or  stlting. 


'  The  edipfic  is  tliat  great  circle  in  the  heavens  which  the  sim  appears  to  describe  fn 
■h«ootir«e«f  ayew.-  'fbe  eeliplio  and  snuittBr,  lieing  gfaatjircles,  mtisl  bisect  each 
other,  and  tlieir  angle  of  incUuation  is  callcu  tlic  obtujia^  qfihe  ecliptK  ;  and  tlie  pointi 
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•u  tiie«e  jMiniB  ore  called  the  tqumoxu.  The  ecliptic  is  divided  loto  13  e^iial  part^ 
called  ngnt: — viz.  Ariee  y,  Tbutub  y,  Gemini  n,  CancCT  22,  Leo  gU  Vir:jo  iR 
Libra  ^  Scorpio  m,  BogittBriiu  /,  Capricomus  W,  AquariuH  »,  PIscm  X-  TIm 
nrder  of  these  is  according  lo  the  apparent  motion  ofihe  sun.  The  fim  point  of  Ariea 
coincides  with  one  of  rhe  equiuoctial  points,  and  tiie  hist  point  of  Ljbre  wtih  llie  otner 
The  firDt  mx  aigna  are  called  narUiem,  lying  on  the  oorth  Bide  of  the  equator ;  and  the 
last  six  are  culled  ttniOum  lying  on  the  soutli  aide. 

Tlie  ux/tae  ia  a  apace  extending  eight  degrees  on  each  aide  the  ecliptic,  within 
which  the  motion  of  ail  the  planets  is  contained,  except  the  newly-diacDvercd  planets. 

Tlie  right  (MCCTuion  of  a  body  ia  an  arc  of  tbe  equator  intercepted  between  the  tirat 
point  of  Aries,  and  a  circle  o(  declination  pasauig  llirougfa  the  body,  uienaured 
according  to  the  order  of  the  signs. 

Right  aaccittian  of  thr.  neridian,  or  mid-htaeen,  w  tbe  distance  of  the  meridian  thxn 
the  first  point  of  Aries,  and  is  found  by  adding  the  ap))arent  liine  past  noon  to  tiie 
sun's  right  nscension. 

The  atctntiimal  differaice  of  any  object  ia  tbe  difierence  betimen  the  right  aacennoa 
of  the  object  and  that  point  of  the  equator  which  risne  or  seta  with  IL 

The  tieclmation  of  a  star  or  any  celestial  object  is  its  angular  distance  A>ain  the 
eitiiutor,  iiicaaured  upon  a  secondary  to  it  paielng  through  tlie  object 

The  Um^udf:  of  a  liiar  or  any  celestial  object  is  an  arc  of  the  ecliptic  intercepted 
Iwtwecn  llie  linit  point  of  Aries,  and  a  secondary  to  the  ecliptic  puasiug  tlirough  the 
liody,  measured  acconling  to  the  order  of  the  Agus.  If  tbe  observer  be  on  ibe  earth, 
die  longitude  is  called  theg^occnlnc  longitude;  but  if  seen  tirom  the  Bun,it  is  called  the 
Miocenlrie  longitude ;  the  body  in  each  case  being  referred  perpendicularly  lo  the 
ecliptic  in  a  plane  passing  through  the  eye. 

Mmagftiiaal  degree  of  ihe  ecliptic  in  its  highest  point  at  any  given  time,  and  ia  90^ 
frotii  tlie  points  where  the  eclipdc  inteisecta  the  horizon. 

Tbe  laiiiiuk  of  a  star  or  any  celestial  object  ia  its  angular  distance  from  the  ecliptic, 
measured  upon  a  secondary  to  it  drawn  tlirough  the  body.  If  tlie  boily  be  observed 
from  the  earth,  its ai — '       '' —        ""        ""  ''   -*-■---"-'-'-  ...-.■_.-.. .j_. 

but  if  olioerved  from 
drawn  perpendicular  to  tbe  ecliptic  is  willed  a  eirtU  qflatUiuU. 

The  tropUt  are  two  parsllelB  of  declination  touching  tlie  ecliptic  One,  touching  it 
at  the  begiiininE  of  CaTicer,  is  called  ttie  tnpic  ofCaaear;  and  tbe  other  touching  it  at 
the  beginning  uT  CapriLom,  is  called  the  tropic  of  Capricorn,  Tbe  two  points  where 
tbe  tropica  touch  the  ecliptic  are  called  the  MMifioI  points. 

C<Aarts  are  two  secondaries  to  tbe  celential  equator,  one  passing  through  the 
equinoctial  poinla,  called  the  tqvinoclial  colure;  and  the  other  passing  thniugh  the 
Bolstiiial  )K>lnta,  called  the  tolstitial  colure.  Tlie  times  when  the  aun  comes  to  the 
solMitiHl  jioiiita  are  called  the  lolstices. 

Aberration  of  a  gtar,  or  anv  beavenlv  body,  is  a  Miiiall  apparent  motion,  occasioned 
by  the  progni«ive  velocity  of  light.  Tiiis  is  caiculated  by  means  of  Tables  XXXIX., 
XLI.,  or  XUh 

j\SUalion  in  a  small  apparent  motion  of  the  heavenly  bodies,  occasioned  by  a  real 
motion  of  the  eartli's  axis,  arising  from  tbe  attractions  of  tiie  sun  and  rnoon  on  the 
ipheroiilal  fiinii  of  the  earth.  The  effect  of  tliis  on  the  right  aacension  and  declination 
is  given  in  Table  XLIII.,  and  on  tbe  longitude  in  Table  XL. ;  tbe  correction  in  this 
last  t^le  being  generally  called  the  equation  of  the  equinoxes  in  longitude. 

Prtcation  ^  the  ajidnoctial  poinia  ia  a  small  motion  of  about  501"  per  year, 
Dccaaioned  by  the  saine  cause  as  the  nutation.  By  this  motion  the  equinoctial  |>niut8 
are  carried  liackward  from  east  to  west;  consequently,  tlie  heavenly  bodies  apiiear  to 
move  forward  the  same  quantity  from  west  to  east.  The  annual  voriiitiona  at'  the 
places  of  the  stars  from  precewloii,  and  the  secuhu-  equetious  arising  fn)ni  the  c:hH[|ge 
of  the  earth's  orbit  by  tbe  attracbon  of  the  planets,  are  given  in  Tables  VIII.  ana 
XXXVII. 

Tlie  arttic  and  aniardic  circles  are  two  parallets  of  declination,  tlie  former  about  the 
aoTth,  and  the  laner  about  the  south  pole,  the  distanc;e  of  which,  from  the  two  |)ole^  is 
equal  to  the  distance  of  the  tropics  from  the  equator,  which  is  about  QHP  2ti'.  These 
are  bIbo  ralli.-d  polar  circles.  The  two  tropics  and  two  polar  circles,  when  referred  to 
the  earth,  divide  it  into  five  parts,  called  zonta ;  the  two  parts  witbui  the  |iolar  circles 
are  calleil  the  frigid  zones ;  the  two  parts  between  the  [lolar  circles  and  tropics  are 
called  the  tempTate  zones;  and  tbe  part  between  tbe  tropics  is  called  the  uxrti/zoite. 

Bcoides  thr  imaginary  divisions  of  the  earth,  there  ai'e  various  natunt  divisions  ol 
its  stirfn^'e.  I'lich  as  continents,  ocums,  brands,  Hcoa,  rivers,  &c. 

A  conlinrat  is  a  Inrgc  tract  of  land,  wherein  «rv  several  nmpirea^  Kiogdoms,  uuJ 
conjoined  ;  as  Europe,  AsiS,  Africa,  and  America, 
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An  uland  is  a  pan  of  the  earth  that  is  environeil  or  eucoDipasKd  rouncl  by  the  m 
m  Long  Island,  Block  Island,  &c. 

A  ptnifuula  is  a  gortioa  of  land  almost  Burrounded 
oech  whioh  joins  it  to  the  condneiit ;  as  the  Morea.  i 

Au  iMimiu  Hi  a  narrow  iieclt  of  lanit  joiiiiii);  a>peninBiWa  to  the  aiijocent  pod,  b; 
nhich  the  people  niay  uan  from  one io-iheo^r ;  ns lb» iathmuB of  Darinn.   I 

A  proirumlon/  is  a  high  .pml  of  land  «trelchiiig~ttp«tf  inlO'  the  sea,  the  excr^i^  of 
which  IB  called  a  ca^-afhtadlaad.  "^^  I 

A  mountain  is  a  iisins  part  of  dry  land,  overtop  ping -the  adw«nl  countiy.     ' 

An  aetan  \b  a  vast  collection  of  water,  8e|>Brating  continenta  from  one  inother,  and 
washing  their  borders  or  shores ;  as  the  Atlantic  and  Pacific  Oced&s. 

A  na  is  part  of  the  oceati,  to  which  we  must  sail  through  some'  strait  J  aa  the 
Meditemuiean  and  Baltic  Beaa.  This  tefm  is  sometiines  used  for  tM  whole  body  of 
■alt  water  on  the  ^be. 

A  atrcnf  is  a  narrow  part  of  the  oceaa  lying  between  two  shores,'  and  opening 
a  way  Into  some  sea ;  as  the  Straits  of  Gibraltar,  that  lead  into  the  Mediterranean 
Sea. 

A  rreek  ia  a  amall  narrow  pait  of  the  sea  or  river,  that  goes  np  but  a  little  way  into 
the  land. 

A  baij  IS  a  greht  inlet  of  the  land ;  as  the  Bay  of  Biscay,  atid  the  Bay  of  Mexico ; 
olbenvise  a  liay  is  a  aiation  or  road  for  sht|iB  to  anchor  in. 

A  riper  is  a  t-onsiderable  stream  of  water  issuing  out  of  one  or  verioiis  sntitigs,  and 
cwiiiiiiGlly  gliding  along  in  one  or  more  clionnels,  till  it  discharges  itseir  iuto  the 
ocean  :  tlie  niiiikller  streaina  are  called  rimiUU. 

A  lake  is  a  large  collection  of  waters  in  an  inland  place ;  as  the  Lakes  Superior  and 
Huron  in  America. 

A  gj^ia  a  port  of  the  ocean  or  sea,  nearly  surrounded  by  the  land,  exce^  where  it 
eoiniiiunicales  with  the  sea ;  as  the  Gulf  of  Venice. 

Tluis  we  have  given  the  most  useful  definitiona  of  Astronomy  and  GeogiBphj,  and 
.  to  assht  the  learner  there  is  also  given  Plate  V.,  in  which  those  Eemis  an  explained  at 
one  viuw.  We  may  further  observe,  that,  as  the  latitude  o^any  place  ifpon  the  cartli 
'  is  couniaj  from  the  equator  upon  an  arc  of  the  meridian,  the  difference  of  latitude 
between  i<V{)  places,  both  north  or  both  soutli,  is  foiuid  by  mbtracting  tia  U$m  latituJt 
fivra  Ok  greoter;  but  y  dtk  U^twU  ht  norih,  and  Ote  other  tovth,  Ute  (Sffermet  it  found 
inj  adding  btMiia^twUt  togdhtr. 

1.  CoiiBoquenily,  if  a  shin  in  north  latitude  sails  noitbefly,  or  in  south  latitude 
soutlici'ly,  t>lie  increaJIBa  her  latitude  ;  but  in  nortli  latitude  sailing  80utherly,ar  in  south 
latitude  sailing  northerly ,■"»•»«„ decreases  her  lotjtinleroecauae  she  sails  nearer  to  the 
equator,  from  whence  the  la^itude^f^fw,■^^ol lEiT^ 

3.  Wherefore,  in  tmrth  talUiuU  Kniin^  nortiitrly,  or  in  ttnith  latitude  laHa^g  toaihti^, 
'  the  diffirenee  ofiatUude,  added  to  tht  latitude  left,  gioet  the  latilwie  in. 

3.  In  north  latitude  tailing  mmtherly,  or  in  «ouJA  latitade  taHiag  northerly,  fA«  i^erenee 
'oflalitiide,  ttMratied  from  v\e  latitude  UJl,giva  the  latitude  in. 

-  4.  n'hen  the  latilvde  derrtasa,  and  the  diHtrence  of  latitvde  it  grtaUr  Oum  the  laHtudt 
saShd  frwii,  tubtrart  the  taliiude  left  from  the  differtnce  of  IsAiituit,  and  the  rmunndtr  uriS 
be  the  lalilwU  in,  but  qf  a  different  name,  for  ti  ia  evident,  tn  thu  case,  that  the  ship  hai 
•  croiied  tilt  emiator. 

5.  The  ditference  of  longitude  between  two  places,  being  both  east  or  west,  is  found 
'  by  rubfracting  the  leu  longiitide  from  the  greater ;  but  y  one  be  in  eoM  longitude  ami  the 
other  in  wot,  their  turn  it  the  difference  ^  longitude,  taken  it  doei  not  exreat  180°,  bvi  if 
it  exceeds  180°,  OuA  turn  mutt  M  tubtracted  from  360°,  and  Oie  remainder  mill  be  lie 
difference  of  bmgiivde. 

ti.  Therefore  in  eafl  t^mgilude  taUing  eatteriy,  or  in  aett  longitude  taking  tteiteriy, 
the  d^erence  of  UmgiiwU,  added  to  the  UmgitiiA  left,  giwt  Oie  bmgUvde  in,  ivheii  that 
sum  does  not  excee«l  18^°;  but  if  it  exceeds  18(r,  the  sum,  subtiacled  *  from  360° 
leaves  the  longitude  in,  tnit  of  a  different  name  Ihim  that  left. 

7.  /n  east  longitude  tailing  toetterly,  or  in  tettl  longitude  foiling'  eatltrh/,  the 
■difference  oflongilude,  tubtraetedfrom  the  longUiuU  left,givet  thelongituSf  in;  frai  uihen 
Ike  differetxe  of  longiivile  it  grtatf.tt,  the  hnf^itude  left  mutt  be  wabtracled  frmn  that 
difference,  and  Ike  remainder  aiil  be  the  Umgilude  in,  but  qf  a  different  nam/  from  (As 
longitude  l^ 

'v'Tif  Ihig  niTe  TTIi  iuppo^eJ/iliai  [he  aum  of  the  lonpiudc  led.  and  (be  di^renre  or  kHuiiude.  ii  Icm 
than  360',  whirh  ii  Dlwayi  the  rase  when  the  dilTerence  of  Joogiuide  ii  lea  tbaa  130°,  WlBch  wc  km 
pveraJlj  luppoted  to  be  ihe  case  in  Ibeie  tv^. 
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What  haa  been  aeid  will  be  reitderad  fiuoUiu-  to  the  (earner  by  the  folloMiii|t 
namples: — 


EXAMPLE  1. 
\Vliot  is  the  drffereiiue  of  laiitude  be- 
tween Bi»«oii,in  the  luiiiudaof  42°31'N^ 
«id  Rirhnionil  (Virgii  a),  tn  ike  latitude 

of  arsyN.? 


istbedi/Terenceoflat.   4  49 


EXAMPLE  111. 
Required    the    ditferenee    of   ialituile 
between  Georgetown  and  Ctiptt  Frio. 

Georgetown^  latitude 33°  US'  N. 

Cupe  Frio'e  latitude 23     IS. 

Difference  of  latitude 56  23 

60 

Inmilee 33tS3 


EXAMPLE   11. 

A  Bliip  from  lutitude  39°  27'  S.,  saUs 
■outhwHTil  until  lier  ililTerence  of  latitu<le 
i8374i]iileij;  wliat latitude  iaslie  txiniu  to? 

Latitude  Boiled  frotti 59°  27'  S. 

DiftWeuM  of  lat.  :J74  -^  60  zz    G_I4  S. 

Latitude  in 65  41  S. 

In  the  last  example,  it  ia  evideut,  that  as  the  difference  of  latitude  is  niore  than  the 
Uiilude  lell,  lilt;  Hlii^  must  Imve  crossed  the  equator,  and  coneequendy  hott  cotne  into 
■nutli  laliluUe. 

n  ilie  equator,  tlie  luutude  of 


EXAMPLE   IV. 
A  ship  from  latituile  38°  25'  N.,  sailp 
south  ICiOO  inilea ;  wluil  latitude  w  siie  iti '' 
Fro[ii  ditrerence  of  latitude, 

1800  uiilws  or 30°  00'  S. 

SuUruet  latitude  left 2B  25  N. 

DiSerence  is  tlie  latitude  in.     1  35  S. 


JVbIc    When  one  of  the  places  has  no  latitude,  oi 
ibe  other  place  is  tlii;lr  diff*ereiice  of  latitude. 


EXAMPLE  V. 

What   is  the   ditference  of   lontptude 

Oetween  Cape  Ann  light-house  and  Lie- 


Uifference  of  longitude. 61  35 


EXAMPLE  VI. 


Cape  Charles^  longitude ...  76°  03'  W. 
Dite  of  longitude,  400  miles  =6_40  EL 
Longitude  in 69  22  W. 


EXAMPLE  Vn. 
What   is  the   difference  of  longitude 
between  Barcelona  and  Salem  p 

Barcelona's  longitude 2°  11'  E. 

Salem's  longitude 70  54  W. 


EXAMPLE  Via. 

A  ship  from  15P  Hf  B.  longitude,  saili 
westward  till  her  difference  of  longitude 
is  27°  15' ;  what  longitude  is  she  in  ? 

Longitude  left 15''40'F;. 

Difference  of  longitude  ....  37   15  W 

Longitude  in 11  35  W. 

EXAMPLE   IX. 
What  ie  the  difference  of  longitude 
between   Manilla  and   New  York  liglit- 
bouse? 


Sum  exceeds  180° IU5  03 

Suhtracl  it  from atiO  00 

Difference  of  longitude  ...  164  57 

EXAMPLE   X. 
A  ship  from  longitude  160°  30' W.,  sails 
westward  until  she  diflers  her  longitude 
41°  20* ;  what  longitude  \b  she  in  ? 

Lon-.ude  left 160° 30'  W 

Djierence  of  longitude  . . .    41   30  W 
201  40 
360  00 
Difference  of  longitude 736  W.  I      Longitude  in 156  30  E. 

In  the  laa  example,  the  ship  has  crowed  the  opponte  meiidjan,  and  tberefbtv  btt 
MMne  into  a  tongitudn  of  a  different  namn  /  -  i 
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PLANE    SAILmO. 


,  Plani  Suuna  is  the  art  of  navigatinf  ABbip  upon  principte^dediieud  Gt  ii  ihi 
8ti|>|>c«hkiti  of  die  eanh'i  beiit^  an  extended  pIai)it,oti  wliii:}i  thsyneriiUana  " 

pninllel  to  each  other.  A  nuipofthe«erv«ral.pWtH'of  the  earth,  conepV'ted  uuu 
(riiiciplef^  is  called  a  Plane  Chart.  When  the  parts  of  the  eaitb  an  thus  dei 
oti  a  plane,  it  is  easy  to  see  the  track  by  which  a  tiliip  may  go  frbbi  one  f 
aliother,  and  also  what  angle  this  track  makes  with  the  tnerjdian,',  L^hips  at 
kept  in  this  tract  by  uieana  ofaniniitltlilKBt  <!k)1ed  the  marmer't  eomp<alfi. 

The  IHAMNEa'a  Cohpass  is  an  artitieia]  repnsDDlation  of  the  hori;coh  nf  any 
It  consiau  of*  circtikr. piece  of  paper  (ee^  P^ate  VI.  tig.  IV  gaUeda  eard,  divid<  il 
the  iiorizon)  into  360  degrees,  or 33  iKilnta.  Tt\k  i#  fixwlon  a  piece  of  steel,  1 1 
needle,  to  ivhicb  tlie  magnetic  vimie  has  been  communicated  by  meaM  of  a  Inu  Istone, 
wliich  haB  the  pro^ny  of  pointing  ateadily  towards  the  north,  and  -cjirrying  [lie  card 
nitii  it,  wbeD  tiimmg  treely  on  a  pivof  ■fi'  Viy  thing  to  auppoit  IL  Thus  all  the  points 
of  the  catti'will  be  direoied  towards  tlieiir'  Jdnwponding  points  ,bf  the  horizon;^ 
i;onsequentIy,~by  help  of  the  compan,  a  ship  may  w  kept  in  ai^propoeed  track  ot 

The  CouaBE  ia  the  angle  which   the   tiae  deecritted   by  a  ship  mitkea  «1th  the 
meridian,  bung  toinetimea  redioned  in  pointy  half  points,  fiui,  and  sometiines  is 


(like 
lied  a 


. ..  _i  the  wa^  or  length  a  ship  has  gone  on  a-ifirect  courae  in  a  givefi  dme. 
The  method  of  measuring  this  distance  by  the  iog  witlbe  explained  hereafter. 

DiFFEasNCB  or  Latitude  is  the-distance-which  the  ship  has  made  north  v  south 
of  the  plaae  naibd  from,  OE  ihepanionof  tlie  meriiiion  cpnimned  between  the  peraliek 
of  latittide  sailed  from  and  come  to. 

.  J]IX£AaxUKE  is  the  east  or  west  distance  a  ship  has  made  from  the  raeridiao,  or  the 
whole  easting  or  westing  inaifu  by  tlie  ship.  '         -  - 

If  a  sliip  sails  due  north  or  south,  she  sails  on  a  meridiai^  makes  no  departure,  and 
her  distance  and  difference  of  latitude  are  the  soitie.  If  slie  saila  due  east  or  weit,  she 
goes  on  a  parallel  of  latitude,  makes  no  difference  of  latitude,  and  her  departure  and 

The  difference  oriatitude  and  the  departure  make  the  fe^ofa  right-angled  trian^e, 
the  hypotenuse  of  which  is  the  diaumce  the  ship  has  sailed ;  the  perpendicular  is  lite 
di^KDce  of  latitude  oatuued  on  the  meridian  ;  the  base  is  the  departure,  which  is 
easting  or  westing  counted  &om  the  meridian;  the  angle  oppueite  to  the  Inisc  is  the 
■course,  or  angle  tlial  the  ship  makes  with  the  meritlian;  and  the  angle  opposite  the 
perpendicular  is  the  complement  of  the  course,  which  being  taken  together,  make 
always^  points  or  90  di-grees. 

In  constructing  figures  relating  to  a  ship's  course,  let  the  upper  part  of  the  nnper,  or 
whel  the  figure  is  drawn  upon,  always  represent  the  north ;  the  lower  part  wdl  l>e  the 
south;  the  right  hand  east,  and  the  left  west. 

Draw  the  north  and  south  Ibe  to  n^preHenl  the  meridian  of  the  place  the  ^lip  saila 
from ;  then,  if  the  ship's  course  is  to  the  southward,  mark  the  upper  end  of;  tint  line 
for  the  place  sailed  from  ;  but  if  the  codrse  ia  nortliward,  mark  the  lower  end  for  that 
place. 

When  'the  course  ia  easterly,  descrilH!  the  arc,  and  lay  off  the  couree  and  departure 
ou  the  righi-hand  side  of  the  meridian  ;  but  when  westerly,  on  the  left-hand  elile. 

When  the  course  is  ^ven  in  degrees,  tliey  must  be  taken  from  the  protractor,  oi 
ftnm  the  line  of  chords;  but  when  in  |iaiiits,  from  the  line  of  rhumbs,and  must  always 
be  laid  offutton  the  arc,  beginning  at  the  muriilian. 

*  The  mclhod  oTcBlriilming  thii  angle  on  Ibc  Hue  pnnciiiln  of  tailing  on  ihe  aplifiica!  (urfnrr  of  IIm 
nnn,  will  be  given  hcrcHfier. 
I  li  ia  bere  supposed  iIiri  ilie  needle  poiiita  lo  ilie  ime  north,  bal  iriltarie)Uwrerrom,«]IoHaiiM  mail 
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PLANE  SAILING.  oS 

When  ihe  rourae  is  fpven  in  poiuts,  the  log;  rine,  log.  cowne,  Jte^  may  be  found  in 
r«iUe  XXV,  otlierwiae  in  Table  XXVII. 

Id  all  cases,  wher«  tiie  complenieiil  uf  coiirae,  or  <ne\nB,  &r.  is  used,  the  degree*)  oi 
poiiiu  put  down  are  the  uouroe  iuult^  but  tliu  lo({uritliiiu  IJeluiijiiig  lo  Ine  couipleiiieu 
(V  coaiiie,  dec,  of  that  couree  are  lakfiu. 

A  Table  of  the  Angles  which  every  Point  of  the  Compass  makes  mith  the 


North. 

South. 

Fuinu. 

D.M. 

North. 

South. 

N.bjE. 

S.  by  E. 

1 

3.49 
5.37 
0.!i6 
11.15 

N.  by  W. 

8.  by  W, 

M.  N,  E. 

as.  E. 

'2 

14,  4 

1UJ>3 
1!».41 

N.  N.  W. 

8.  8.  W. 

N.  E. by  N. 

S.  E.  by  8. 

3 

aa.ia 

28.7 

:to.ri6 
33.45 

N.  W.  by  N. 

8.  W.  by  8, 

ME. 

8.  E. 

4 

36.34 

a».2a 

42.11 

45.  0 

N.W. 

8.  W. 

N.  E.  b;  E. 

8.  E.  by  E- 

1 

47.49 

SUM 
5:).26 

a(i.l5 

N.  W.  by  W. 

8.  W.  b.  W. 

E.  H.  E. 

E.S.E. 

6 

59.  4 

etsa 

64.41 

67.30 

W.  H.W. 

W.  8.  W. 

E.byN. 

E.  by  B. 

7 

70,19 
73,  7 

75.5ti 
78.46 

W.  by  N, 

W.byS, 

Eut. 

8 

81.34 

84,22 
87,11 

90.  0 

Wert. 

Ih  the  foUomng  Table,, the  Rules  for  solving  the  various  Cases  of  Plane 
Sailing  are  collected. 


PLANE  SAILING. 

c... 

a 

R..»..». 

BoLUTiom. 

CDona 

Diff.ofkiitiluda. 
Deputun., 

•iiir.™riunud^ 

D«(«m,io 

Cvaina  coiim  :  diff.  of  luUude  i!  radiui  !  dtMann. 
Rndiui  :  diff.  oC  liinud«  ;  :  ung.  coune  :  diputurc. 

ud  dcpliRiin. 

»"S=,.. 

Dim  lire  wid 
liitr,  of.^lLlurte. 

Depi^«. 

Diauncc  :  ndmi  :  s  diff.  of  ladluda  ;  ua.  count. 

DM>l.»wd 
deianiini. 

Diff.p(™;,,d* 

DUMance  :  ndiiu  : ;  daparom  :  (ine  cwimi. 
Ridiii*  :  dtaunce  ;  i  ««.  coi.n.  :  HIT.  of  lnlUnda. 

IMff.  Driatltud* 

Cou™. 

D^K  oflmiluds  :  nidliii  : :  dainruire  :  urn.  coune, 
RidiuK  :  .La.  criuiiuda  :  .  »untc..u»c  :  di.u..ra. 

PLANE  BAlLIHo. 


CASE  I. 


lireh  tl 


A  ship  from  ihe  latitude  otJOH/T  N^  s^ia-^  W.  by  W.  344  mika ;  requi 
iKitude  she  b  in,  and  her,da(]anurH  &or]  ihe  meridiHlr^tuled  troni. 

BT   PROJECTION. 

*  Draw  the  line  CA,  to  represent  the  meridian  of  the  place  C,  Sbm  wbenee  tha  diin 
aailed.     Whb  the  chord  or  60°  in  your  catnpoaaes,  \  1 

and  one  foot  in  C,  db  a  centre,  describe  the  coinposa  ^ 

W.  S,  E.     Take  5  points  in  your  comiiaases  troin  \ 

the  line  -if  rtiuitiba  on  tlie  plane  acale,  oiid  set  it  off 

SI  the  aio,  from  8.  towards  W^  for  the  couree; 
rough  this  point  and  C  draw  the  line  CB,  and 
make  it  equal  to  the  distance  344 ;  draw  fiA  parallel 
to  [he  east  and  weet  line  EW,  to  cut  the  meiidiaa 
in  A.  .  Then  will  CA  be  ttte  difference  of  latitude 
la-U^  Kod  AB  the  departure  HOLi}. 

BT  LOGARITHMS. 
By  making  the  distance  radiua. 


To  find  the  dilTerence  o^  latitude. 

As  radius  8  poinis f 10.00000 

Is  to  the  distance  344  .../... .  3J«739 
So  is  the  cosine  course  5  {rainu.  9.?4474 
TothedifTeiouctof  laLUl&tf..    U-ISIIS 


To  find  the  departure. 

AsrejliuaS  (wintB 10.00000 

Is  to  the  dtsianoe  344 3.387% 

So  is  the  sine  coune  5  pointa  , .    9J)1^5 

To  the  departure  aOiL9 3.30734 

Now,  as  the  ship  is  in  north  latitude  SMling  soutlieliy, 

-     From  the  latitude  left 49°5)"N. 

Take  the  ditrtroBce  of  latitude  135^ 3   16  8. 

OivM  the  latitude  in.~ ^..•..l 47   41  N. 

And  the  departure  fh>m  the  meridian  ie  S03J^  milecL 

BY  GUMTER. 
I  Extend  from  radius  or  8  )ioinia  *  to  S  (raints  nn  the  line  marked  8R ;  that  exiMSt 
will  reach  trom  the  distance  344,  to  the  departun  203.S,  on  the  line  of  mintbers. 

3<lly.  Extend  from  radius  or  8  points  to  3  points,  the  cami)lemenl  of  the  course,  on 
the  line  SR ;  that  extent  will  reach  firoin  the  distance  344,  to  the  difference  of  latitude 
IS5.6,  on  tlie  line  of  numbers. 

Thus  may  all  the  operUions  be  performed  in  the  several  caaea  of  Navigation. 

By  this  case  are  calculated  the  tshlee  of  latitude  and  de)>arture  (Tables  I.  and  11.) 
for  evitry  deeree,  point,  and  quarter  point  of  the  mariner'a  compass,  to  the  distaace  of^ 
3U0  mileB.  By  the  iuspection  of  these  tables,  n  day's  work  maybe  calculated  in  auiuch 
more  ex])editiouB  manner  than  by  logaritlims  or  by  Gunter's  scale.  In  consequence 
of  thin  fnrilitv,  the  metliod  by  inspection  is  generally  used  at  see  in  preference  to,  every 
other  method. 

BY  INSPECTION. 

Find  the  given  eourae  at  the  top  or  bocioin  of  the  tables,  either  among  the  points  oi 
degrees,  and  in  tliat  page,  against  the  distance  [aken  in  ils  coluiifn,  will  Blond  tha 
dinerciii^e  of  latitude  anil  depurturc  in  their  coluinns.t 

It  miiBl  be  oljserved,  that,  in  ueing  tliese  tables,  tlie  names  Dist.  Lot.  Dep.  must  be 
found  al  the  lop  if  the  course  is  found  there,  hut  if  the  course  is  found  at  tne  bottom, 
Iliuxe  names  must  be  found  at  the  bottom. 

Thus  Ihe  course  S.  W.  by  W.  or  5  points,  is  found  at  the  bottom  of  the  table  (ri* 
dilfiTcnce  of  latitude  and  departure  for  itointH;  ami  against  344  in  the  distance  oolumn 
■taiids  135.6  for  the  difference  of  latitude,  or  203Jt  for  the  departure. 

*  When  Ihe  rnuive  is  pvvn  in  points,  mtike  use  nT  the  Witta  marked  tint  rhumbt,  and  tan^tnl  rtiUMttt^ 

1  Whpii  Ihe  dMlnniv  i>  loo  j^resl  lo  be  fmiiiil  in  Ihe  tables,  ,v"u  mu^l  diriile  i1  by  i,\  4,  or  anj 
ci'uvenirni  numlier ;  >be  munbcn  cocreipDuding  Id  ibe  quoUeul  b«iug  multiplied  by  the  iJivisoc  will  |iv< 
dw  HNflit  numben 
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Plane  saillvo 


A  shi))  niiu  S.  E,  by  E.  from  1°  45*  iinith  Istitude,  snd  then,  by  obHvrvalinn,  ia  ia 
0°  31'  Eouth  laiinide ;  required  her  dirtBiice  unci  deputure. 

Id  thin  cane,  as  the  iliip  has  croHBed  the  equator,  the  sura  of  the  two  latitudes,  1°  45 
and  0°  31',  w  the  difference  of  latitude,  yi&  =  im  inU«a. 

■  BY  FROJECTJON. 
Draw  BC  equal  to  130,  and  BA  nuikine  an  angle  with 
BC  equal  to  the  course  5  puiots,  or  56°  15' ;  draw  CA 
per]>eiidicular  to  BC  to  cut  13A  in  A,  and  it  ia  dotic ;  for 
CA  will  be  the  di'piirture  equal  to  303^  aiid  AU  the 
dinance  equal  to  3443. 

BY  LOGARITHMS. 
By  making  the  difference  of  laL  BC  radiua. 
To  Rnd  the  departure. 

AaradiiiM  iioLita lOOOOOO 

latociitK-nMiceofiutitude  136..  2.1.-t:»4 
So  in  laiigeut  courtK  5  poiiitB. . .  10.17511 
To  the  depanuT«  tWaS a.30»a 


By  making  [he  distance  AB  radiitH* 

To  find  the  diHiuncc. 
a  eoBine  course  5  iKiintx !).74474 


To  the  distance  244.8 2J)) 


BY  GUKTER. 

Extend  fVom  nidi NB  or  4  poinla  10  the  couise  5  polntaon  the  line  marked  TR ;  that 
extent  will  reach  from  the  difference  of  latitude  13t!,  to  the  departure  iKI3.5,  on  iliu  line 
of  nuiiilKra. 

Silly.  F.xtend  from  the  complement  of  the  coiiiee  3  poinlB  to  the  radhin  8  jHiiuts  ou 
the  line  SK ;  that  e.iient  will  reach  &ow  the  difierence  of  latitude  136^  to  tins  diNtnnce 
344.6,  ou  tlie  line  of  uuinben. 

BY   INSPECTION. 
Find  the  course  amone  the  points  or  degrees,  and  the  difference  of  larilude  iii  ilo 
eoluuui,  BguiuiA  which  will  Btaiut  the  distance  wuJ  departure  in  tJieir  uolunuin. 


BY  PROJECTION. 
Draw  the  meridian  AB,  upon  which  erect  the  |>Frpendicular  BC,  and 
the  de[iarture  au),  BaBterly  from  B  to  C ;  with  the  chord 
of  fiO°  on  C,  as  a  centre,  descrilie  an  arc,  and  set  off  thereon 
the  complement  of  the  course  ;  through  this  point  and  C 
diBw  the  line  CA,  cutting  the  meriinnn  in  the  point  A ; 
then  AC  mirsmired  on  the  same  scale  before  uved,  gives 
the  distance  224.6,  and  AB  96,  the  difference  of  latimde. 

R;  making  BC  radius,  you  woitlil  hnv>,  ndliu  :  <1illet«He  of  laliv 
■BiRK  M  'n  ba  obierTed  Id  ilw  roUawiug  caiei 


PLANE  BATLIflG. 
BT   LOGARITHMS. 


B;  mabiiig  the  <Ie)Brtui«  BO  radius. 

Ah  iiuliiiH  4  poiiiU) 10.00000 

In  til  iJie  iluiHutiire  203 aJM750 

So  U  couuig«ot  courw  5)  poiuia  9.67483 
To  die  difference  ol'latiiude  96.    li^233 


B;  making  tlie  dialance  AC  railiii*. 

An  sine  course  51  iKiints tiimHi 

la  to  the  depanure  a03 2.30751) 

SoigndluB 10.00000 

To  the  distance  324.6 2.35131 


From  the  latitude  left 3°  15'  S. 

Subtraci  tlie  dilFeivnct:  of  latitude  9C  miles,  or 1    3ti  N. 

Tlie  remikinder  ^ows  that  the  ship  is  in  the  latitude  of ...  ■  1°  %y  B. 

BY  GUNTER. 

Extend  ftnm  radius  or  4  points  to  the  complement  of  the  course  3J  points  on  ihn 
line  iiinrked  TR ;  that  extent  will  rtinirh  Irom  the  departure  903,  to  the  r!ifierei)ce  of 
latitude  tMi,  on  tlie  line  of  nunibvnu 

'■tiiiy.  Extend  from  Ilie  (bourse  5]  pnincs  to  rniliui  on  trie  line  SR  ;  that  extent  will 
reacli  trom  the  depanure  203,  to  the  distuuce  234.6  miles,  on  Ilie  line  of  uumbera. 

BY   INSPECTION. 

Find  the  course,  either  antong  ttie  points  or  degrees,  and  the  departure  in  its 
coluiim,  ngsinst  which  will  stand  the  distfuice  and  difference  of  latitude  in  their 
resiieeiive  coliunns. 

ThuH  with  the  coiu«e  5)  points,  and  departure  203,  we  find  234.6  for  the  distance, 
and  'J6.0  for  the  difference  of  latitude. 


CASE  IV. 

Ditbaut  and  tSffertnee  of  latitwk  given,  to  find  tht  coutk  imd  departvn 

Suppose  n  ship  sails  344  miles,  between  the  south  and  the  east,  from  a  jwrt  in  3°  53 

■until  latitude,  and  then,  by  oliservaiion,  is  in  5°  06'  south  latitude;  wlial  course  has 

^e  steered,  and  what  departure  Iihm  slie  made? 

From  thc!  latitude  by  observation  5°  OB*,  take  3°  33^,  the  latitude  left;  the  remainder, 
3^  16  ^  136  miles,  is  tlie  difference  of  latitude. 


BY  PROJECTION. 
Draw  the  meridian  AB:=136;  upon  wbieh  e 


t  Oie 


peqieiidicular  BC ;  take  344  in  your  com|iaaaes,  end  with 
one  foot  on  A,  as  a  centre,  describe  an  arc  cutting  BC  in 
C  ;  join  A  and  C ;  tlien  will  BC  be  the  departure  202i>,  and 
tlie  angle  BAG  the  courae,  equal  to  56^  06',  or  5  points, 

BY   LOGARITHMS. 


To  find  the  course. 

As  the  distance  244 2.-i8739 

Is  to  nidiuB 10X0000 

So  ie  the  difference  of  lat  136..  3.13354 

To  cosine  course  56°  06* 9.74615 


To  find  the  departure 

As  radius 10.00000 

Is  to  the  distance  344 iMTJ^ 

So  is  the  Mne courae 56° 06'....    i>JJl«g 
To  the  departure  302.6 2.30ti64 


Hence  the  course  is  S.  £.  by  E.,  and  the  de)ianure  202.6L 
BY   GUNTER. 

The  extent  from  the  distance  S44,  to  the  diflerence  of  latitude  136,  on  the  line  of 
numlrers,  will  reach  from  nuliusor  !)0°  to33°52',  tlie  complemeniof  thecoursn  on  ttie 
liite  of  sines. 

Ami  the  extent  from  Tadiitn,  to  56°  06"  on  the  line  of  maea,  will  reach  Bom  the 
distance  344,  to  the  departure  302.6,  on  the  line  of  nutiibers. 

BT   INSPECTION. 


FLANE  BAILING.  «7 

de|])in..re ;  which  if  len  than  the  difTerence  of  todnide,  the  course  is  lo  be  fbnnd  nt 
the  tii|i;*  but  if  greater,  tlie  course  ib  to  be  foutid  st  the  bottom. 

Tiiiix  Iht^  distance  344,  and  the  difference  of  latitude  136,  are  found  to  curreii|)ond 
10  a  course  of  5  poiul^  or  a  E.  by  £.,  uul  to  the  dt:|jaTture  iMQ.9,  nearly. 

CASE  V. 

DiHaitu  md  departurt  ffvten,  to  Jbtd  Uie  cotirte  and  Sgwtiux  <^  latttude. 

EJnpiHitie  a  ship  seilB  tM4  miles  between  the  north,  and  west,  from  the  latitude  of 
3ii°  W  iKirth,  until  her  depanure  is  303  iiiiles;  what  aourae  bw  ahe  steered,  and  what 
latitude  ia  slie  iu  7 

BY   PROJECTION. 

Draw  the  line  AB  equal  to  the  departure  303;  and, 
periH^iiiltcidar  thereto,  tlie  line  Rf^,  li>  represent  the 
uieriiliaii ;  iheu  lake  the  diHtaure  244  Ul  yoiir  coiii|iiiiMe8, 
and,  fixing  one  foot  in  A,  as  a  centre,  dewrilx;  an  arc, 
GUttiu)!  HC  in  C  (  join  AC,  kiiiI  it  is  done ;  for  the  aiitfle 
ACB  will  be  the  cuurae,  am)  BC  tlie  difference  of  latitude 

BY  LOGARITHMS. 
To  find  the  course. 

As  the  distance  244 "iMTVti 

Is  to  nulliLS 10.00000 

So  ia  this  iiejarture  203 2.:)0750 

TDthBWneafcourBe56°18'...     OitiOll 


To  find  the  difference  of  latitude. 

AsmliuB lO-OOOOO 

Is  to  the  distance  344 'iJ)8739 

So  is  cosine  course  56°  18- ....    9.74417 
Totliediffetenceoflat.  135.4..    8.13156 


HemK  tbe  courae  m  N.  56°  Iff  W.,  or  N.  W.  by  W.  neaHy. 
To  the  Intitiide  niletl  from  33°  35'  add  the  difreruncn  of  latitude  135  oi 
■urn  34°  40  is  the  latitude  the  ship  in  in. 

BY   GUNTEE. 
dejmniire 
ach  from  radius  to  the  course  50°  18'  on  the  line  of  mi 
2dly.    Extern)  from  radius  to  the  compleineiit  of  the  courae  33°  43*,  on  the  lin"  of 
lines ;  that  extent  will  reach  &iim  the  distance  244,  lo  the  difference  of  latitude  135.4, 
cm  the  line  of  numbers. 

BY   INSPECTION. 

Seek  in  the  tab1(«  till  against  the  distance  taken  in  its  column  is  found  the  friven 

depHTtunr  In  one  of  the  Ibllowing  colunins;  odjoiniug  to  it  will  stand  the  differKix'K  of 

latituile;  and  if  it  be  Ereater  than  the  departure,  the  courae  is  to  be  found  at  tlie  top; 

but  if  less,  Ilie  course  is  to  be  found  at  tlie  l>ottotii. 

Thus  tlie  distance  244,  and  tlie  de|iarture  203,  agree  to  a  course  of  5  points,  or 
N.  W.  by  VV.,  and  a  difference  of  latitude  135.6  inileti,  uoarly.  ' 


CASE  VI. 

tUffrrence  qf  laKhidt  and  dtparbm  i^vtA,  lo  Jbul  the  eowar.  and  iliataner.. 
A  riiip  snib  between  the  north  and  west  till  her  difterence  of  latitude  it 
■nd  ht>r  departure  is  303  miles ;  required  ber  course  and 
distaiicB. 

BY   PROJECTION. 


Draw  AB=:136,  and  perifendicular  to  it  BC:=903; 
loiti  C  and  A;  then  will  the  angle  CAB  be  tbe  course 
S6°  11',  and  AC  the  dkiance  244.4  miles. 


nwv  al»  be  known  wtielber  tlwcenrM  hemnrlEed  at  the  lop  orbaltoin  arihe  lnMc.  hv  otiwrvng 
-(  liw  diflcrenre  of  laliluds  und  depiniire  tDrresponri  with  Ow  marki  al  the  Inpor  hntinm.  Tbui 
Unce  £14,  and  difl'ereiice  ol  lililiHie  ]S6,  rorreapond  lo  lb«  roiirw  3  puiiiu.  iHTauhp  ilir  rolumn  hi 


PLANE   SAILIMO. 
BY  LOGARITHMS. 


To  God  the  course. 
AKthedilferenceoriaiitude  136   2.13351 

la  to  radiua 10.00000 

So  ia  the  depnnuMi  203 2^SU 

To  tangent  of  couwe  56°  11'. . .  10.17396 


To  find  tbe  d 

Ab  iBdiuB lOOOOOO 

htothedifferanCRnriHt.  13G..  2.I33S4 
So  is  e<|Ctuit  of  c-v«a  SUP  II' ..  10:i»451 
To  the  distance  SM.4 2J36dJS 


Heoce  her  coume  is  N.  5ff>  11'  W.,  or  N.  W.  by  W,  and  the  diAaiice  sailed  is 
344.4  miies. 

BY   GUNTER. 

Extend  from  llie  difference  of  Uiiiii  le  l;K,  to  the  departure  203,  on  the  line  of 
Qumlwra;  tbat  exteul  will  reach  ftoiD  radiua  to  5(^11',  the  counte  on  tlie  line  of 
tangctita. 

2(lly.  For  the  distance  we  niua  consider  it  as  radius  (unless  tliere  is  a  line  of 
Kctuitij  on  tJie  HCjUe),  and  extend  from  tliu  course  56°  II',  to  tlie  rwlinti,  or  iXT,  on  ihe 
line  of  Miiioj ;  that  extent  wiU  reach  I'rum  the  departure  2DU,  to  tlie  ilistuiice  244.4,  on 
die  line  of  niunbere. 

BY   INSPECTION. 

Serk  in  the  tHbhs  till  tbe  given  ditTereiice  of  latitude  and  departure  are  found 
lOBbther  in  their  reH|H!clive  culumnH;  [hen  Bgniiutt  tlieni  will  be  tlm  ilistance  in  its 
column,  Hiul  tlie  coLirw  will  be  found  at  tiie  ton  of  tliot  table  if  the  de|ttUTUre  be  lew 
than  the  difference  uf  Ituitude,  otlierwise  at  the  tiotlom. 

Thus  with  the  ditference  of  iHittude  Via,  aiul  the  dejNirture  203,  enter  the  lablea^ 
and  these  iiuml)er»  will  be  fouiiil  to  comM|>oud  nearly  to  5  jioiulii,  or  N.  W.  by  W. 
courae,  and  a  diatutice  equal  to  244  niilea. 


QUESTIONS 

To  exercise  the  learner  in  the  foregoing  ruZu. 

(JuMfion  I.  A  Bhtp  in  !f  10'  aoiith  latitude,  sails  N.  by  £.  89  leagues ;  what  latittid* 
is  she  ui,  and  what  is  her  departure? 

.dnttwr.    Latitude  in  2°  12'  N.,  and  departure  17.36  league& 

Quftt.  II.  A  shi]!  aaila  S.  S.  W.  from  a  pun  in  41°  iHy  north  latitude,  and  then,  by 
obeervatiun,  is  in  36°  57'  north  latitude ;  reqiiireil  tiie  distance  run,  and  dejiurture. 

Ana.    U»tnnce  run  98.5  leagues,  deirarture  37,7  leagues. 

Querf.  in.  A>4hi|iHailsS.8.  W.  i  W.  from  a  )iurt  in  3°  30' south  latitiiJe,  uiiiy  liei 
departure  le  59  leaj^ies;  reanlred  the  distance  run,  unit  latitude  in. 

Aai.    Uislance  nui  I25Ji  leagu^  latitude  iu  8°  I'  soutli. 

Queri.  IV.  If  a  ship  sails  360  miles  suiuli- westward  from  21°  50*  south  Intitudt-,  until 
by  oiwervation  she  be  in  24°  49'  south  latitude,  what  is  her  course  anil  ileimrlure  ? 

Aat.  The  courne  is  S.  W.  by  W.  i  W.,  or  8.  61°  iff  W^  and  her  di[Nmure  ftt>m 
the  iiierKlian  is  317.3  milea. 

((Niui.  V.  Sup|Kwe  a  ship  sails  354  miles  north -esstwanl  from  2°  ff  south  latitude, 
itntil  her  departnre  be  ISO  miles,  what  is  bvr  course  and  latituile  in  ? 

-J.i#.    Her  course  is  N.  25°  4'  E.,  or  N.  N.  E.  i  E.  nearly,  ai.d  she  is  in  lat.  3°  I*  N. 

QtKsf.  VI.  Sailing  between  the  north  and  Ihe  west,  from  a  purl  in  1°  .'iU' south 
fauilude,  and  then  arriving  at  another  port  in  4°  6'  north  latitude,  whirh  is  20!)  miles 
10  die  westward  of  the  first  [)on,  recjuired  the  course  and  distance  from  tlie  first  |H>rt 
to  the  second. 

Ant.  The  course  is  N.  2»°  40'  W.,  or  N.  N.  W.  |  W.  nearly,  and  tlie  dwtaiice  uf  the 
ports  is  422.4  miles,  or  140JJ  leagues. 

Quu(.  VII.  Four  days  ago  we  were  in  latitude  3°  25'  8^  and  have  since  tliat  linie 
■ailed  in  a  direct  course  N.  W.  by  N.  at  tlie  rate  of  8  niil^  an  hour;  reuuired  our 
pretviit  latitude  niitl  defmrture. 

Jim.    Latitude  in  7°  ]  4'  N.,  dopanitre  426.7  miles. 

Qiieft.  VIII.  A  ship  in  the  latitude  of  2f  Sif  south,  is  bound  to  a  port  iMuring 
N.  W.  by  W.  i  W  in  the  laitnide  of  4°  30'  north ;  how  tar  does  that  port  lie  to  the 
weHiwanI,  ati<i  what  is  the  eliip's  distance  from  it.' 

Ant.   I'he  port  lies939Jit  iiiOes  to  thewe8twanl,and  the  direct  distance  is  lOGS  milea. 


mDtw  has  Khe  tniilinl  to  the  westward  ? 
.^.    Distance  run  IHH  miles,  and  has  sailed  to  the  westward  80J!  mUes. 


TRAVERSE   SAILING. 


ATktT 


I  ii  an  irregular  truck  which  a  ship  makra  b^  sailing  on  several  differeU 


oouraea ;  these  ore  reiiu<^  to  a  single  coime  by  nieans  of  two  or  more  casra  of  Ploiw 
Bailing,  either  hy  geometrical  conBtruction,  or  by  arithmetica]  caluulatioo.* 

The  geomeiricd  constructioD  is  perfumicd  rh  follows : — Describe  a  circle  with  the 
chord  of  60°,  to  represent  the  compass,  sAd  lay  off  on  its  citcu inference  tlie  various 
coursea  sailed.  From  tlie  centre,  upon  the  first  course,  set  off  the  first  distance,  and 
mark  its  extremity  ;  through  this  extremity,  and  panJlel  to  the  second  course,  draw 
the  second  distance  of  its  proper  length;  through  tlie  extremity  of  the  second  distance, 
and  parallel  to  tlie  third  cuunw,  <lmw  the  third  distanca  of  its  pro|)er  length ;  and  thus 
proctHxl  till  all  the  distances  are  diatvn.  A  line,  drawn  from  the  extremity  of  the  last 
diKlance  to  the  centre  of  the  circle,  will  represent  the  distance  mode  good ;  a  line, 
drawn  from  the  some  [xjuit,  perj>en<'icular  to  the  meridian,  will  repreaeni  the  depuriuro , 
and  the  part  of  the  meridian  intercepted  between  this  and  the  centre,  will  represent  tlie 
difference  of  latitude. 

The  arithmetical  calculation  to  work  a  traveise  is  as  follows : — Make  a  traverse  table 
consisting  of  six  coUmins;  title  them.  Course,  Distance,  N.,S.,E.,  W.;  begin  at  the  left 
siilt;,  end  write  the  given  couraes  auiL  diststices  in  their  respective  colunuia.  Find  the 
difference  of  latitude  and  departure  for  each  of  these  courses,  by  Qunter^  scale,  or  by 
Tables  1.  or  11.  (as  in  Case  L  Plane  Sailing),  and  write  them  in  their  proiier  columns; 
that  is,  when  the  course  is  southerly,  the  dllTerence  of  latitude  must  be  set  in  the 
column  S. ;  when  northerly,  in  the  column  N. :  the  dejiartiire,  when  westtTly,  in  the 
column  W. ;  and  when  easterly,  in  the  column  E^  Add  up  the  columns  of  northing 
southing,  easting, and  westing;  take  the  difference  lietween  the  northing  and  soiitliiiig, 
and  also  between  tiie  easting  and  westing ;  the  former  difl'erence  will  be  tlie  dilfereuca 
c^latitude,  which  will  be  of^the  same  name  as  the  greater ;  and  the  tatter  will  be  the 
departure,  which  will  be  also  of  the  same  name  as  the  greater.  With  this  difference  of 
latitude  and  departure  the  course  and  distance  made  good  are  to  be  found  ad  iii  Cose  VL 


EXAMPLE  L 


Siippoee  a  ship  takes  her  depanut 


the  middle  of  it  hearing  N.  N.  W.,  distance  by 
W.  by  S.  Ifi,  W.  N.  W.  ~"         ■  "   ■      "    " 


from  Block  Island,  in  the  laiimde  of  41°  KK  N., 
5  leagues,  an<l  sails  S.  b).  34 


and  S.  by  E.  40  miles ; 
in,  and  her  bearing  and 


BY  PROJECTION. 
Let  L  represent  the  middle  of  Block  Island ;  draw 
the  meridian  LM,  and  on  L,  as  a  centre,  with  a  chord 
of  60°,  describe  a  circle  to  represent  the  coinjiasa,  on 
which  mark  the  various  courses  sailefl,and  the  bearing 
of  the  land  at  the  time  of  taking  the  de{«rture;  oi>|io- 
nte  to  this  bearing  draw  the  S.  S.  E.  line  LA,  which 
niake  equal  to  15  miles,  the  estimated  distance  of  the 
land;  then  will  A  represent  the  place  of  the  ship  at  the 
time  of  taking  tlie  departure:  through  A  draw  AB 
equal  34  miles,  jNirallel  to  the  S.  E.  line ;  tlieu  will  B 
be  the  plac;  of  the  ship  after  siulinc  her  first  course ! 
in  like  [tiaimor  draw  BC  equal  to  16  miles,  |isralicl  to 
tbe  W.  by  S.  line ;  CD  equal  to  39  miles,  jiarallel  to 

*  lliig  meUKid  of  reducing  eompouDd  coursei  lo  b  tm^e  one  it  per 


oa 


TRAVERSE   SAILING. 


the  W.  ti.  W.  Tine,  and  DE  efjuiu  to  40  miles, .parBilel  to  the  S.  by  E.  line  ;  then  wiL 
E  re)>reseut  [tiv  place  of  the  eliip  aAer  nuling  her  several  courses.  Join  EL,  and  draw 
EM  perpend iculBT  to  LM ;  then  will  LE  be  tlie  disMiiCF  of  Block  Island,  OThS  miles ; 
Biul  die  uufcte  ELM=  1?*  16',  will  be  thp  courae  niiule  good;  LM  the  difierptice  of 
latitude,  uid  EM  the  departure. 

TO  FIND  THE   SAME   BT  L0OAR1THM8. 


For  the  firat  c«ur« 
To  find  tlie  difTerence  of  la^ude. 

Ab  radius  90° laOOOOO 

Is  to  cosine  couriie  2  points  ....    9^X1.50 

Bo  is  diEtuiice  15 1.17609 

To  difference  of  latitude  13.9  ..    1.14171 


S.  S.  E.  15  niilea. 

For  departure. 

As  radius  00° 10.00000 

wSpoints 9.583S4 

15 1.171309 


For  difference  of  latituile. 

As  radius  !)0° lO.DOOOO 

Is  to  cosine  course  4SP 9.84149 

8o  is  dislance  34 1.53148 

To  difference  of  latitude  24....    1.38097 

Third  c 
For  difTerence  of  latitude. 
As  radius  90» ,  laOOOOO 


To  ditference  of  latitude  3.1 . 


la  to  si 
So  isd 
To  departure  5.7 0.75893 

3.  R  34  i[iiles. 

For  departure. 

As  radius  90° laOOOOC 

Is  to  sine  course  45° 9J«4941I 

So  is  diuanca  34 1.5ai48 

Todeportuifl  34 1360S7 

W.  by  S.  16  miles. 

j  For  departure. 

As  radius  90° lO.OOOOC 

h  to  sine  coune  78^  45' 9JM157 

So  is  distance  16 1.20412 

I  Todeparture  15.7 1.19568 


For  diflerence  of  iautude. 

A8railiuH90<> 10.00000 

Is  to  ccisirie  coiinw  67°  30* 9.581M4 

So  is  distance  39 1-59106 

To  difference  of  latitude  14.9  . .    1.17390 


Fourth  coutae  W.  N.  W  39  miles. 


For  departure 

As  radius  90° 

Is  to  une  course  67°  30*. . . 
So  is  distance  39 


.  10.00000 

.    9.<>65a3 
.    1.59106 


Fur  difference  of  latitude. 

As  radius  i«° 10.00000 

Islocoeinucourse  11°19...   .    9.99157 

So  ia  distance  40 1.60206 

To  diffisrence  of  ladtude  39:2 . .    1.59363 


Fifth  coune  S.  by  E.  40  miles. 


For  departure. 

As  radius  90° 10.0000l> 

Istosinecouree  11°15' 9.21034 

So  is  distance  40 1.60306 

To  departure  7.8 0.89330 


Though  this  method  of  finding  the  iifforenceof  latitude  and  departure  by  logarithms 
b  accurate,  yet  the  calculations  may  >e  more  easily  made  by  the  tables  of  dilTurence 
of  latitude  and  departure,  as  in  Case  1.  Plane  Sailing.  ^ 

TRAVERSE  TABLE. 

Place  all  these  couraea,  distances, 
&«.,  in  the  traverse  table ;  then  aild  up 
all  the  westings,  eastings,  nortlitnga, 
nd  southings,  separately,  and  set 
down  their  respective  sums  at  the 
bottom  of  each  column ;  and  as  the 
westing  is  greater  than  the  easting, 
subtract  the  easting  therefrom ;  the 
difference,  14J2,  shows  that  the  ship's 
depanure  is  so  much  west  of  her  fiist 
meridian. 


Cottna. 

Ditt. 

Dif.qfLat. 

Dtparture.    1 

N. 

S. 

E. 

W. 

8.  8.  E. 

S.  E. 
W.  by  S, 

w.  n:w. 

S.  by  B 

15 
34 
16 
39 
40 

14.9 

13.9 
24.n 
3.1 

39,2 

5.7 
34.0 

7.8 

157 
3G.0 

From  sum  take.. 

14.9 

80.3 
14.9 

375 

51.7 
375 

i4.a 

65,3 

jiiiainder,  63.3,  shows  how  ftr  the  ship  is  u>  the  southward  of 


TRAVERSE  SAILINO. 


to  find  the  duert  courae  or  bearing  of 

Block  bland  from  the  ship. 
Aatfaedifiere^ceofluhudeeSJ    1^1491 

Is  to  radius  45° lOJKXMK) 

So  ia  the  depanuie  14J3 LlSgLI 

To  tangent  coune  12°  16* 9.3a738 

Which,  becauM  the  diflerence  of 
latitude  is  Houiherly,  and  the  detwrture 
WMerly,  mS-VfieVi.  When««  Block 
Uaod  bean  from  tbe  abip  N.  13°  16'  EL, 
or  N.  by  E.  1°  1'  E 


To  find  the  distance  of  the  wlaihL 

Aa  nne  of  coune  12°  16* 9.93728 

ia  to  the  de|uinur«  14J3 I.]S£» 

Soisnuliua  W lO.OOUOO 

ijSiStn 


BY  INSPECTION. 
Find  the  course  and  diiAauce  b;  Cose  VI 
of  Plane  Suiliitg. 


EXAMPLE  n.  ' 

A  B))'tp  fh>m  Mouni-Deoert  tock,  in  the  latitude  of  43°  50*  N^  aatla  for  Cajte  Coil,  in 
the  latitude  of  42^  3"  N^  iU  da|Hirture  from  the  meridian  of  Muunt-Deoert  rtf.k  Iwlna 
■uppoaed  to  be  84  miles  west ;  but  by  reuaon  of  cuiitrury  winilH,  alii;  is  oblif^l  [c>  hhI 
on  the  following  couraea,  viz.  south  10  miles,  W.  S.  W.  2S  inilm,  S.  W.  :)0  iiiilet^ 
and  W.  'M  miles.  Rei|uiriMl  the  bearing  and  distance  of  the  two  jjIhumi,  tlib  i;uiinw 
aDd  diMance  sailed  by  the  ship,  and  the  beariug  and  diatalice  of  tier  uiteuded  pon. 


BT   PROJECTION. 

Latitude  of  Mount-Deaert  rock  4.7'  90  N. 

Latitude  of  Cape  Cod *^?.  **■ 

Diilbrenee  of  latitude 1  47=:  107  miles. 

n  CF*,  which  make  ei|ual  ■ 
o  places,  and  perpendicular  tberelo 
1  miles  ;  then  is  E  the  place  o^  Co|>e  Coil.    Will 
itre,  C,  a  cirrif,  S.  W^  to  represent  the  coinpaaq 
_  ailed.     The  firel  courae  being  south,  llie  distance 

10  iiiilea,  is  set  off  from  C  towards  F  upon  the  meridian,  and  this  )ioillt  re|>re9elitB  thf 
iriace  of  the  ship  after  sailin);  hpr  first  t^oiirae;  continue  setting  off  the  various  roumet 
and  dl-taiices  as  in  die  last  example,  viz.  W.  S.  \V.  2.5  mll«t  S.  W.  30  miles,  and 
«ea  20  miles,  to  the  point  A ;  then  will  A.  represent  the  place  of  the  riiip  after 
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niling  tliue  cniitBea.  Join  CE,  AC,  AF.^  draw  AB  perpemliculiir  to  the  mcriilian 
CF, mill  AD  iianiUel  thereto ;  then  will  AC::z76JJ  milea  be  tha  ilistaiicf  made  good; 
AE:=»iy.l  iiiika,  thedistiuiceuf  CiipeCod  from  the  aliip;  CE  tlie  dlnui  cc  of  the  two 
piacea=136inile«;  ACB^SrSff, the  couree  made  good;  EAD=  ItP.M'.theeouiw 
lo  Cupti  Cod ;  ami  ECF  the  counte  from  MouDt-Ueseit  rjwk  to  Cape  Cod=3tf  8",  &c 

ET   LOGARITHMS. 
To  find  the  bearing  and  dialBnce  of  the  two  places  by  Case  VI.  Plane  Sailing. 


To  tind  the  healing. 
AsdilTer^nceoriatitudelO?...    A02938 

1b  to  radius  45" 10.00000 

So  is  deimrture  84 \im2B 

To  tangent  couree  aP^ff 9.8i>496 


To  find  the  diHaiici 

As  radius  »P 10.00000 

Is  to  dif&renee  of  latitude  107.    'l-tOiKe 

So  is  secani  course  36°  6- 10.10426 

To  the  distance  136 3.13^04 


Whenue  the  (;ouree  from  Mount-Desert  mck  to  Cape  Cod  is  S.  38°  8'  W.,  dialanca 
136  miles.     The  aime  may  be  found  by  the  scale,  or  by  inspection. 

The  difference  of  latitude  and 
deiianure  for  the  several  courses 
being  calcukiteil,  liy  Cose  1.  Ptuie 
Bailhig,  and  iirmiig«l  in  tlie  lrnver«e 
tidjic,  II  up|ieare  tliiit  the  difference  of 
btiiude  made  gowl  by  the  ship  ia 
40.8  miles,  and  the  departure  C4JJ 
miles;  dieii,  by  Case  VI.  Plane  Sail- 
Inii,  these  nuHil>ere  are  found  to  cor- 
rel[>»iKt  to  a  courae  of  &  57°  36-  W. 
and  distance  7d3  miles.  ,„„     .,     ^        .       .    , 

Subtract  the  difference  of  latitude  made  good  by  the  ship,  40.8  miles,  from  the  whole 
diflerence  of  latitude,  107  inilea,  and  there  remain  66.2  nnles,  which  la  the  differcnco 
jf  latitude  between  the  ship  and  Cape  Cod.  In  the  same  manner,  by  subtracting  the 
■hip's  deimrture,  64^  miles,  from  the  whole  departure,  64  miles,  tlnre  remain  19.7  ipilej 
for  the  deiiarturB  between  the  ship  anil  Caj*  Cod.  With  thn  diffcrenre  of  latitude 
6&2,  and  deiwrture,  19.7,  the  bearing  of  Cape  Cod  »  found,  by  Case  VI.  Plane  Sailing 
S.  KP  34'  W^  and  its  distance,  C9.1  inilea.  .  i      u  i  i 

AH  the  preceding  calculations  may  lie  made  by  loganthnu,  by  the  scale,  or  by 
ms|«-c-tion.      But  we    shall    leave   U.cm  -  "--l-   •>«•    !«"."■.  >,nH    for   thn    i 

purpose  sliall  add  the  following  example. 


TRAVERSE 

TABLE. 

Ontna. 

Dif.  of  Ut. 

N. 

S. 

E.        W. 

South. 

w.  s.  w. 

8.  W. 
W. 

10 

as 

30 
20 

in.o 
us 
2\:i 

23.1 

21.2 
.   *)-0. 

Oiff.on.t.    40,8 

Depart.  64.3 

0  exercise  the  leainer,  and  for  the  t 


EXAMPLE  IlL 


n  the  latitude  of  33°  ff  N^ 


A  ship  in  the  latitude  of  37°  IC  N^  is  bound  to  a  port  ir  _.  _  , 

which  lieslSOmileswestoftiiemeridianoftheshipibutby  reason  of  coutrary  winds, 
*e  tils  the  following  coupes,  ^..  S   W.  by  W    27  miles,  W  S  W.      W.^  mdes. 
W.  by  S.  25  miles,  W.  by  N.   18  miles,  S.  S.  E.  32  miles,  S.  S.  h.  *  E.  27  n 
S.  by  E.  25  miles,  S.  31  miles,  and  8.  S.  E.  39  miles.     Required  tlie 
n  in,  njid  hnr  deimrturc  from  the 


s  latitude  the  sliip 
TRAVERSE  TABLE. 


The  difference  of  latitude  and 
de])arture  made  on  each  course, 
are  given  in  tlie  adjoined  traverse 
table ;  hence  it  appears  that  the 
difference  of  latitude  made  good 
b  1*B.4  miles ;  tlia  dejiarture,  47.4 
miles  ;  and  by  Case  VI.  Piano 
Sailing,  the  course  S.  15°  3&  W., 
and  diHtance,  I75iJ  miles;  and 
the  course  to  the  intended  poi^ 
&  58°  42"  Wt  distance  1553 
miles  ;  the  latitude  being  in 
34'  21'  N. 


Ctonrjw. 

DM. 

Diff.  of  Ut. 

Dejmrt^.    \ 

N. 

S. 

E. 

W 

8.  W.  by  W. 

15.0 

23.4 

8.7 

88.7 

35 

4.9 

W.  by  N. 

18 

3,5 

S.  S.  E.' 

32 

8.  S.  E.iE. 
8.  b;  E. 

87 

23.8 

1».9 

25 

«,B 

4.S> 

31 

ill  .11 

B.  S.  E.- 

3U 

ae.o 

14.1) 

Diff. 

3J 

172.9 

3.5 

45.9 

93-3 

4S.9 

oflat    1G9.4 

DepMl.  47-4  1 

•  liuiead  if  polling  ibe 
wir.  c«Uiu«  it  8.  S.  E.  71 


:  couiH  S.  a.  E.  3!  milet,  uid  S.  S.  E.  39  miles,  you  mighl  make  lat 


PARALLEL     SAILING. 


A* 'B 


Iif  PlsDC  Sailing,  the  earth  ia  cansidered  as  an  oxtenHed  plane ;  but  ihic  mipfioailk)!) 
•  Ti>i7  er  oiieoiis,  because  the  eartii  i»  nearly  of  a  epberical  (igon:,  in  wbicli  the 
meridians  aU  meet  at  the  poies:  coiiaequently  the  dixtance  of  any  two  nii^riiliaiu 
meosureil  on  a  |Minitlel  of  latitude  (which  distance  ie  calteil  tlie  tneriilian  ilitUuiioe) 
decreaxes  in  proceeding  irom  the  equator  to  tlie  poles.  To  illustrate  this,  let  PB 
represent  tlie  serni^axis  of  the  earth,  R  ihe  centre,  P  tlie  [lole,  PCA 
■  qinulranl  of  tlie  meriitlan,  AB  the  raiiius  of  the  equator,  luid  CD 
[pandlel  tlierelo)  tlie  radius  of  a  parallel  of  latitude.  Then  it  is 
evident  that  CD  will  be  the  cosine  of  AC,  or  the  cosine  of  the 
latitude  of  tlie  poiiil  C,  to  the  radius  AB;  now,  if  the  qiiailmnial  arc 
PCA  lie  sujiposed  to  revolve  round  the  axis  PB,  the  jwint  A  will 
descril>e  the  circumference  of  the  equator,  and  C  the  circumference  < 

of  a  pai^lel  of  latitude ;  and  the  former  circutnference  will  be  to  the  laner  »■  AB  to 
CD  (as  niny  easilv  Iw  deduced  from  Jrt.  55,  Geometry),  that  is,  as  radiiiB  to  ihn  cosine 
of  tlie  latitude,  or  the  point  C  ;  hence  il  follows,  that  the  length  of  any  ore  of  tlie 
equator  kitercepted  between  two  meridinns,  is  to  the  length  of  a  corre«ponilin«  arc  of 
■n^  liondlel  interr^epied  between  the  same  rneridianB,  as  radius  if  to  the  cosine  of  tlie 
bntude  oTtliU  portillel.     Hence  we  obtain  the  following  theorems, 

THEOREM  I. 

\un/erence  of  ami  other  paralUl  of  latitude, 


THEOREM  n. 


THEOREM  HI. 

A  radiut  ia  to  Ihe  cosine  of  any  tatttude,  to  art  the  mUtt  of  difermre  of  lonfrilude 
bdwten  too  meridiattt  {or  their  dittanee  in  mUet  itjmn  the  equator)  to  the  iliMtanct  oflhat 
hn  meridiatu  on  that  parallel  ijflatiluJe  in  jniU$. 

THEOREM  IV. 

A  the  cosine  of  am  latitude  is  to  radiu*,  to  is  the  length  of  aitu  are  on  that  paralld  of 
latitvde  [inlerctpted  oeticcen  too  meridians]  in  nales  to  (Ae  laigtk  of  a  timiiar  are  on  tat 
tquator,  or  miles  ^difference  ijf  bmgiliuk. 

THEOREM   \. 

At  the  cosine  <jf  ang  latiiudt  it  to  the  cosine  of  any  other  latitude,  to  is  the  length  iff 
■qf  arc  on  Ihe  Jitit  paralid  of  lat^btde  m  rraixa,  to  the  length  of  the  tame  arc  on  the  otMr 


Bj  means  of  Tneorem  HI.  the  following  table  was  calculateil,  which  shows  the 
mendian  distance  conreG|>oiiding  to  a  degree  of  longitude  In  every  latitude ;  and  mar 
be  made  tu  otmwer  for  any  degree  or  minute  by  taking  proportional  partH. 
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The  JoRoaing  Table  shows  for  eoerif  degree  oflatittide  hotn  many  milti  distata 
the  tieo  meritliaiig  are,  uikoie  difference  of  longitude  is  me  degree. 


Lit 

Mir.r.1. 

L*T. 

Mii«. 

L*T. 

MlLH. 

Lit. 

HiLII. 

Lat. 

MlLM. 

1= 

(W-TO 

19° 

56.73 

37° 

47.93 

65° 

34.41 

73° 

17.54 

2 

59.% 

20 

56.3d 

38 

4758 

S6 

33X6 

74 

16.54 

3 

59.!<S 

SI 

S«.0] 

39 

46,63 

57 

33.68 

75 

15.53 

4 

ffllA'-. 

at 

55.63 

40 

45.96 

58 

31  £0 

76 

H.53 

5 

5!!.77 

S3 

55.33 

41 

45.33 

59 

30.90 

77 

13,50 

6 

51).(i7 

34 

54.81 

43 

MSH 

60 

30.00 

78 

12,47 

7 

5y.5.-> 

SS 

64.38 

43 

43.88 

61 

S9.09 

79 

11,45 

8 

5!).4i 

ae 

53.93 

44 

43.16 

63 

SS.17 

eo 

10,43 

9 

5!).af> 

S7 

53.46 

45 

42.43 

63 

27:24 

HI 

9,39 

10 

5!).0'J 

38 

52.ye 

46 

41.68 

64 

36.30 

at 

3,35 

11 

5«,90 

29 

53.48 

47 

40.98 

65 

25.36 

83 

7,31 

13 

5S.(i!> 

30 

61.96 

48 

40.15 

66 

24.40 

84 

6M 

Vi 

GS.40 

31 

61.43 

49 

3JIJ6 

67 

S3.44 

85 

5.83 

U 

5H.a3 

32 

50j« 

50 

3eJ-.7 

GB 

23.48 

86 

4.19 

]5 

57.il6 

33 

50.33 

51 

37.7G 

69 

2150 

87 

3.14 

16 

r.7.fia 

34 

49,74 

53 

3(1.94 

^0 

20.53 

88 

iM 

17 

57.3d 

3S 

49.15 

53 

3t).ll 

71 

19.53 

89 

1,05 

18 

57,06 

30 

48.M 

54 

X>.27 

72 

ibJH 

90 

0,00 

WhcD  B  ship  sails  eaat  or  weffi  on  ihe  surfoce  of  the  earth  supjioeed  to  be  Duhoriral, 
■be  deflT.ribes  a  parallel  of  latitude,  and  tliis  is  called  ParaUtl  Siiiing.  In  ttiis  caw, 
the  distance  Mailed  (or  de)Minure)  is  e<|iial  to  the  disUuice  between  die  nicriiliaiu  saileil 
hom  an<l  nrriveil  at  in  that  {lomllel ;  anil  it  is  oa»y,  by  Theorem  IV.  (iinx-Mling)  to 
fiwl  the  flifference  of  longituile  from  the  distmice,  or  the  diHtance  from  die  ditlbrence 
of  longitude,  as  will  appear  plain  b;  the  following  exaniplea. 


CASE  L 

The  diffavMce  ^  Umgitvik  between  (im  placet  in  Vu  $amt  paraBd  of  iatHndt  bem^ 

given,  to  find  the  dttlanct  bebeeen  them. 

e  of  4tl°  ;W,  nonh  or  MHith,  sails  directly  eat     <r  wea^ 
""  ""'  uired  the  distaace  sailed. 

BT   PROJECTION. 

Take  the  Mne  of  90°  fhrni  the  ptane  scale,  and,  with  one  foot  of  the  companea  on 
ifi^-  l)ai<  a  reiiire,  de«rrilie  tlie  arc  EU'  whfa  the  diiTerencs  of  lougitude,  210  iiiilek 
in  die  roiii)Muw««,  and  one  foot  in  K, 
■a  a  centre,  describe  an  arc  cutting  " 

EQ,  m  U;  join  PVl,  PQ.  Take  the 
Bine  of  die  rotiipleiitcnt  of  die  Intitiide 
40°  SV  in  your  uotiiimsacB,  and  with 
one  foot  in  F,  as  a  centre,  detu;ribe  the 
arc  FU,  cutting  I'C,  fH,  in  F,  O ;  then 
die  length  of  ihe  chord  PG  beinc 
ineanirpil  on  dje  same  scale  of  efiiiu 
portH,  will  lie  die  departure  I3B.4  nnles. 

Or  tliis  nrojeclioR  may  be  mnile  in 
the  Ibtlowmg  manner.  Draw  AI> 
(fig.  2)  of  an  indefinite  leneth  ;  make  •'"^''  "" 

the  angle  D,\C  ei]ual  to  tlte  latitude  Ym.  I. 

40°  30',  and  AC  equal  to  the  difference 

nf  lon-iiiuile  310  iiiil<.-a ;  draw  CD  perjiendicular  to  AD;  then 
diaounce  or  departure  miumsd.    ■  ■ 


Fte.3: 

II  the  line  AD  halt 


BT  LOGARITHMS. 
To  find  the  depanure  or  distance. 

As  radius  90° 10.00000 

Is  to  Ilie  difference  of  Innintude  210 QJtlta 

So  is  coBine  latitude  ,4!/> :»' ?^^'^ 

To  tbe  distance  or  deimnure  I3IU 3.13476 


ogle 
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BY   GUPTTER 
The  extent  from  ladiiu  to  the  complemeDtrof  the  latitud«  40°  30'  on  the  luie  of 
rinea,  will  reach  from  the  difierence  of  loDgitude  210,  to  the  dultuice  136.4,  on  the  lin? 
of  numbers. 

BT  INSPECTION. 
Find  the  latitude  anoong  the  degrees  in  Table  II.,  qn^  in  the  dibtauce  column  the 
difference  of  lon|itude,ojqMMite  to  which  in  the  column  of  latitude  will  be  the  distance 
required. 

In  the  present  example,  the  latitude  ia  49°  Sty ;  and  as  the  ubie  ie  onl;  oaiculaied  to 
■ingle  degrees,  we  must  find  the  numbera  in  the  tables  of  49°  and  50°,  aod  take  the 

n  of  them;  the  Ibnner  is  137  8,  die  latter  135.0,  the  mean  of  which  is  the  sou^ 

ir  departure,  136.4. 

CASE  n. 

iV  diitana:  btiaeen  Jm  plaeta  on  Oie  »ame  paralM  of  laiiiudt  gwen,  lo  find  Uiemt 

diffmnee  tff  hngihuU. 

Suppose  a  ship  in  the  latitude  of  49°  SC  N.  or  S,  and  longitude  36°  iff  W.,  sails 

directly  west  136.4  miles ;  required  the  difference  of  longitude,  and  longitude  in. 

BY   PROJECTION. 

With  the  sine  of  the  complement  of  the  latitude,  40°  CHy.b  your  compaasea,  and  one 

'Mt  in  P,  BH  a  centre  (iig.  1,  of  the  preceding  case),  ituscribe  Ilie  arc  FG,  upon  wliich 

Wt  off  the  de)uulure  1^4  miler,  upon  the  chord  F  G,  and  through  the  poiuta  F  and  0 

Iraw  the  lines  PE  and  PQ ;  then,  with  the  sine  oi'  90°  in  the  cotnpamea,  and  one  fool 

n  P,  as  a  centre,  describe  an  arc  to  cut  PE,  PU,  in  E  and  Q ;   then  the  chord  EQ 

eing  measured  upon  the  same  scale  of  equal  parts  tliat  the  departure  was,  will  lie  the 

'jfibence  of  longitude  310  miles. 

Or  thus ;  draw  the  tine  AD  (fig.  9),  which  moke  equal  to  the  given  distance  136.4  j 

D  erect  DC  perpenltcular  to  DA ;  make  the  angle  DAC  equal  to  the  latitude ;  thea 

mil  AC  be  the  sought  difterence  of  longitude  SIO  miles. 

BY   LOGARITHMS. 

ABCOMneoflatitude49°30'....    9.81254  i  Longinide  left ; 3P40'W 

la  to  the  distance  136.4 2.13481      Difference  of  lonptude 3  30  W 

So  is  radius 10.00000  | 

To  the  difference  of  long.  310. . 

BY   INBPECTTON. 

Look  for  the  latitude  among  the  degrees,  as  if  it  was  a  coune,  and  the  departure  in 
the  cohiinn  of  latitude ;  against  which  will  stand  the  difference  of  longitude  in  the 
distance  column. 

Thus,  in  the  course  49°,  we  must  seek  for  136.4  in  the  latitude  cohunn,  and  we  find 
it  corresponds  to  the  diMance  206 ;  snd  in  the  course  50°,  we  And  it  nearly  correH)iondi 
V  313 ;  half  the  sum  of  308  and  313  is  310,  which  is  the  sought  difference  of  longitude. 


Longitude  in 40  10  W 


QUESTIONS 

To  ezereise  the  learner. 


(jueffum  I.  A  ship  in  the  latitude  of  33°  N.,  sails  due  east  till  her  difference  of 
VoimtuAe  is  384  miles ;  required  the  distance  sailed. 

Atwuxr.   32S.7  mile& 

QtiuC.  IL  A  ship  tW>m  the  latitude  of  53°  dG*  S.,  longitude  10°  19  E.,  sails  due  west 
236  miles ;  required  her  present  longitude. 

Ati.   3°40'E. 

(Juut.  III.  If  two  ships  in  the  latitude  of  44°  30*  N.,  dintant  'ilR  miles,  should  sail 
ditectly  south  until  they  were  in  the  laiiiude  of  32°  17'  N.,  what  distance  are  they  from 
each  other  ? 

Jbu.    By  Theorem  V.,  356  miles. 

Qu«(.  I V.  A  ship  having  run  due  east  for  three  days,  at  the  iste  of  5  knots  an 
hour,  finds  she  has  altered  tier  longitude  8°  16';   whru  pondlel  of  latitude  aid  ah 

"\fci.'   43°a8'N.orS. 


MIDDLE    LATITUDE    SAILING. 


In  KniliriD  north  or  south  foron  a  meriHian]  the  difference  of  lonoitiide  in  nothing 
and  tliecliniTKiiceoflBtitude  ih  e<)Ual  lo  the  distBiice  Buied  ;  but  in  st  4ing  eoM  or  wea 
C<>r  on  n  jmnillei  of  latitude),  the  difference  of  latitude  Is  nothiiiK,  and  the  iliflercncc  of 
kmgitudr  iiiay  be  calciiloted  by  the  fon-going  theorems  of  PaniJlel  Sailing.  In  miling 
on  liny  ullicr  course,  the  ehip  changes  lioili  her  latitude  and  longitude ;  in  tliia  enm  tlie 
dirfereiice  of  latitude,  departure,  and  difference  of  longitude,  ma^  be  calculated  by 
a  pro{H.-r  a))|iliralion  of  tlie  princijilos  of  Plane  Sailing  to  the  sailing  on  a  8|ilifrical 


eeleenml  as  plane  aurfitees,  and  the  dift'ereiice  of  latitude  and  departure  (or 
dtBlanre)  made  in  sailing  over  each  of  these  surfiwes,  may  he  calciilotcd  hy  the 
counnon  rules  of  Plane  Sailing;  and  bv  summing  up  all  the  difTerencea  of  latitude  and 
depHTiumi  mnite  on  these  din^renl  planes,  we  shaN  obtain  the  whole  difference  of 
latitude  and  ileparture  nearly.*  Now,  by  Case  I.  of  Plane  Sailing,  the  diitance 
described  on  any  one  of  tlieae  small  Hiirfaeea  is  to  the  correspouiling  difTeninre  of 
latitude  as  railiiis  iit  to  the  cosine  of  the  course ;  and  as  the  course  is  ine  saine  ou  all 
tliese  Burfupcs,  it  Ibllows  that  the  mim  of  all  the  distaneee  de8cril)ed  tliereon,  ix  to  the 
sum  of  the  corresponding  differences  of  latitude  sa  radiua  ia  to  the  cosine  of  the 

coui«e;   that  is,  tlie  whole   dialnnce  sailed   on   t^        '"'""     '"   '"   "■"      ""' — 

difl!>rence  of  latitude  as  nulius  is  to  the  cosine  of 
B(i)>ear^  that  the  distance  di»cril>ed  on  the  glolte  ia 


be  iwtiieniMl  aa  an  extended  plane  or  a  spherical  surface  j  and  tho  same  is  to  be 
ohwrvi'd  with  reopect  to  the  other  rtu«<  of  Plane  Sailing. 

We  sliall,  therefore,  in  all  the  calruintioiis  of  sailing  on  the  mhcrical  aurface  of  the 
earth,  in  whiidi  tlie  conrae,  dimance,  difference  of  latitude  and  tlefiarttire,  occur,  make 
use  of  the  canons  already  taught  in  Pliuic  Sailing,  and  sliall  ennwnict  the  schemes 
exnclly  in  ilit'  same  manner.  The  only  nddilioruil  catculatioti  in  sntling  on  a  splii-rical 
siirtiii-e,  conslMMin  tfeternLining  the  longitude  Irom  the  deiuirlure;  for  in  sailing  on  a 
plane,  ilie  dt'imrture  and  longiEud<;  ar':  the  same ;  but  in  sailing  on  a  K|ilii;ricid  surface, 
the  tuliale  litpnrlure  {as  teoM  obstrvrti  iAo\if)is  equal  to  the  twnofall  the  nieriilian  disUmee* 
made  in  milinf;  over  the  xnd^niU  nvmbrr  of  rnnaU  niTfaces,  Mo  tohiek  tee  have  suppotea 
the  rpkerkal  wvrfrux  la  be  dimiierL,  and  the  uihoU  difference  of  Uin^tadt  eorretpondmf;  it 
eifual  lo  the  ram  of  alt  the  difrretuxt  of  kmeituiu,  deduced  from  each  of  that  tmail 
meridian  dittanraby  ThmremVJ.  of  Paralld  Sailing.i  Several  inelhoilB  have  been 
prt^iosed  for  abridging  the  calculolion  of  tlie  differenceof  longitude  from  the  departure, 
the  most  noted  of  whu:h  are  those  known  by  the  nantes  oi  Middle  LatilwU  Sailij^ 
and  Mercator'a  Satlinf^;  the  latter  (which  will  be  hereafter  expliiineilj  is  perti-ctly 
■ccurate;t  the  former  ■  only  an  approximation,  but  it  is  very  much  used  in  cuJculaling 

■The  etinr  grisine  from  Ihii  ■dpp<Miiion  will  be  derrpfued  hy  increiisiiig  ibe  numlwr  of  Ibe  gilanei,  to 
Ibtl,  bv  iDcreuine  ifi«  nuiDber  indeJiniieiir,  Ibe  error  may  1- '-  '—  ■' — ■•' ■■" 


Ibtl,  bj'  iDcreuing  th«  nuiDber  indefinitely,  Ibe  error  may  be  made  leu  ihsn  nny  uiigniible  qiuniii^. 
t  llBiiie  liii  cilimalitlg  liui  diference  of  lonriiude  cormpondlng  lo  earfa  of  llmw  titiBll  nwrHlJw 

dnUncHs)  the  iaiitude  correipondin^  to  the  middle  poiai  of  (be  nirface  dd  m^iicIi  these  small  tnrndiai 
icefl  arc  mpecuvely  made. 

his  is  Irue  in  [bcAiy,  uid  would  be  so  in  prarliea,  if  Ibe  meridiDnBl  dlflerence  nf  latitude  'n. 
I  III.  •men  given  lo  ■  niffieienl  number  of  decinala ;  but  beinr  oniy  given  10  the  nesreM  nult  m 
e,  lie  error  sriiinr  from  ihit  eiuiK,  when  ihr  diiTGfeiiH  of  latluide  ii  small,  ii  |rcaicr  ihaa  ik* 
in  Miilclle  Lniitude  Sailinj;  -,   in  consequence  oT  this,  ibe  DHlbod  by  middle  lUiiude  ii  ahnv^ 
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Ann  runs  and  days'  woifce ;  btit  in  calculating  lame  distances  acron  distant  parallels,  it 
ta  liable  to  error.  The  principle  on  which  the  carculationB  of  Middle  Latitude  Suiliiig 
ai«  founded,  is  this : — Instead  of  csJculaling  the  difference  of  longitude  coireepondiug 
to  the  departure  made  on  each  of  the  siiiaU  surftces,  into  which  we  have  BU]>poe«d  the 
spitere  to  be  iliTidnl,  and  adding  them  together,  the  whole  ilepanure  (or  sum  of  the 
meridiaii  (tiatanr«8|  is  calculated,  and  the  longitude  deduced  thercfmm  by  the  rules  of 
Poiallet  Sailing,  usme  for  the  latitude  the  arithmetical  mean  between  the  latitude  sailed 
&om  and  that  arrived  OL  On  this  supposition,  we  have  the  two  first  of  he  following 
dieorems  for  calculating  tlie  departure  &om  the  difference  of  longitude,  or  tlie 
difTereiice  of  loiiiritude  from  the  departure,  which  are  the  same  as  Theorems  III. 
uid  IV.  of  Pomtlel  Sailing,  except  ui  writinif  deuoituie  lor  distance,  and  middle 
latitude  lor  latitude :  the  ether  theorenui  are  easily  obtained  by  combining  the  two  first 
with  lh«  common  theorems  of  Plane  Sailing ;  aittrring  that  the  middlt  Uiiiiude  it  half 
(Ae  ttan  <ff  Iht  tiat  Uitituika,  if  tha/  artqftht  tame  luurtt,  or  half  their  difference  if  of 
eoninuy  nainet.  Thin  inetliuu  nisy  be  rendered  perfectly  accurate  by  apiiiying  to  ilie 
middle  latitude  a  currecliou  taken  from  the  table  following  Case  Vll.  of  this  article 
We  shall,  however,  in  the  following  examples,  make  the  calculations  without  applying 
this  correction,  because,  in  most  cases  in  practice,  it  is  of  but  little  importatice. 

THEOREM  I. 
radiia  it  to  the  cotiat  of  the  BuddU  ItOitude,  to  it  the  digerence  t^f  longitude  to  the 

THEOREM  II. 

A  the  eoiine  of  the  midi/k  latitude  it  to  the  rtuHvt,  to  it  the  i^Mrtwre  lo  the  differeaee 
^longitude. 

Now,  by  Case  1.  of  Plane  Sailing,  the  radius  is  to  the  sine  of  the  coui«e,  as  tne 
distance  esiled  is  to  tlie  dcinrture,  and,  if  we  combine  tliis  analogy  widi  Theorem  II., 
we  shall  have 

THEOREM   IIL 

le^  the  eavrte,  to  i*  the  iMelanee  ttaitd 

By  Case  II.  of  Platie  Sailing,  we  have  this  anidogy ;  As  radius  is  to  the  tangent  of 
the  course,  so  is  the  difference  of  latitudn  to  the  departure ;  by  cotiiliining  this  with 
mieorein  U.,  we  have 

THEOREM   IV. 

JUthe  eotine  of  the  middle  latitude  it  to  the  toBgtnt  qf  the  count,  to  it  the  differam  of 
latitude  to  the  difference  qf  longitude. 

Whence  we  easily  deduce  the  following, 

THEOREM  V. 

AlkediffertneeofUaiiudeittothediffertHeeitfUmgitude,toitVteeotiMofOieiiiiddb 
latitude  to  the  tangetd  of  the  course. 


of  the  preceding  thearmtn,  we  hsTe  formed  the  followjn|;  table,  which 
the  ruKs  neueMarr  for  solving  the  various  eaaes  of  Middle  LstitiMk 
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MIDDLE   LATITUDE  SAILING 
MIDDLE  LATrrUDE  SAILINfi 


ulliu  i  ttiff.  of  lm|.  ::  ixmUm  mtddlB  lal.  :  d«iivtiin 


nDceoTlit.  :  TBdkiu  n  iepanan  ;  luifpntcomM 
»  nlddle  kEL  :  di!pw<un  : ;  ndlui  :  diff  if  lcn|. 


I  Goalna  oiildl*  IM.  :  iIm 


Iff-OflOBf. 


Cisins  cnine  :  diff.  of  lani.ide  i 


Ueptnan. 
D\ir.afiaag. 


■.'•MdS!r^"\tr.at>a 


Did*,  of  lulluda 
DIIT.  oflmn. 


We  shall  now  procaed  to  illunrau  these  rules,  by  working  ao  example  in  every  caMk 

CASE  I. 

Thtlatitadet  and  hnfftudet  of  too  place*  gioen,  to  find  thar  barttig  tmd  ditlatKt. 

Required  the  beanitg  and  diaunce  between  Cape  Cod  light-houHe,  in  the  latitude 

of  43^  9  N^  longitude  70°  4'  W^  end  the  ialand  of  Sl  Mary  (one  of  the  Weatem 

Islands),  in  the  latitude  of  3(>^  59'  N^  and  longitude  25°  10*  \V. 


Difference  of  latitude    5     4 


Inmilee  . 


.  3M 


42°   »  Lonptude...  70°  4' W. 

36  59  LoLgiiude...  25  10  W. 

Sum TD     g  44  54 

MiddlB  lat.  39  31»  — ^ 

Diff.  of  long.  8694  rnilea 


BY   PROJECTION. 
Draw  the  east  and  west  line  DC  ;  with  the  chord  of  60°  describe  the  arc  OS  ahoiit 
the  centre  D,  to  cut  DC  in  U ;  upon  this  arc,  set  of^  from  d  to  3,  the  middle  latitude 
39°  31' ;  throurii  D  and  S  draw  the 
line  DB,  which  make  equal  to  the 
tiifference  of  lonntude  aSM  milee; 
tram    B    let    &ll    upon    DC    the 
perpendicular   BC ;    continue   this 
towards  A,  making  AC  eijiiaJ  to  the 
difference  of  lalituds  304  miles  ;t 
join  AD,  and  it  is  done.     For  by 
this  method  of  c 


e  tlie  situation  of  Cape  Cod,  D  the 
rituetion  of  St.  Mary ;  CD  will  be  the 
departure,  which,  D«ng  meastved. 


'^Sf.iiat-w, 


tlKtiil>ltMtheenclarCaMVn.,ii3'a>ldi(Jra,iiiakinKi  OS'Mf, 

ilgna-t  wcuncy  bs  raquind. 

-'-'",  the  liaa  AC  Aould  ne  mi  off  Opca  Uw  line  CB,  frns  C 
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e  found  to  be  2078  milM ;  the  dietnnce  will  be  represented  by  AD,  which,  beink 
itoI,  will  be  found  to  be  2102  Miiles,  und  the  course  from  Cape  Cod  to  Hi  Maty 

will  be  represented  by  the  angie  CAD  eqiml  to  81°  41' ;  tlierefore  the  coume  will  M 

8. 8P  41'  k,  or  E.  i  S^  nedriy. 

^/'ole.  The  courae  ia  put  8. 81°  41'  E.  because  Sl  Mbtv,  bejiic  in  a  len  nortliern 
latitude  than  Cb)«  Cod,  is  to  the  soinliward  of  it;  it  is  ahm  to  tfie  eastward  of  Cope 
Cod,  because  it  is  in  u  less  weMtsru  ioniptuJe. 

BT   LOGARITHMS. 
To  find  the  departure  [by  llieorem  I.) 

AsnxliusiWO 10.00000 

[Btodltferenceoflong.26!>4...  ^43040 
8o  is  cosine  middle  IbL  3!^  31' .  9.B8730 
To  the  departure  2078  ^ 331770 

To  find  the  distance. 

AarwIitiH  90° 10.00000 

Istothedifiereaceof  lai.301..  2.4a»7 
So  m  secant  of  course  81°  41'  . .  10.83970 
To  the  distance  2102 3.32257 

Abte.  The  lo^ritbm  of  the  departure 
^love  found,  35l770,  is  rather  greuutr 
Iwn  the  logarithm  of2078=a317Si;  hut 
in  finding  the  coucse  by  the  departure,  I 
have  used  the  quantitv  found  at  the  first 
e)>eration,  and  shall  do  the  same  in  all 
future  caiculaUDm, 


So  ia  the  de|»uture  2078 3.:tl770 

To  tangent  of  course  81°  41'. . .  lOKHefl 

Aote,  The  counie  may  lie  found  with- 
out the  dqmrture,  by  Theorem  V.  Middle 
Latitude  Bailing. 

As  the  difference  of  latinide  304  2.4898? 
Isratbe  differenceof  long.  2f!!>4  a4:)040 
So  is  cosine  middle  lat  Sf  31' .    9.68730 


To  tangent  of  coutM  81°  41'. . 


BY  GUNTER. 

Extend  from  the  radius,  or  90°,  to  50°  29',  the  complement  of  the  middle  latinide,  on 
the  line  of  nnes ;  thai  extent  will  reach  from  die  dilference  of  longitude  Stil>4,  to  the 
departure  2076,  on  the  line  of  numbers. 

3dly.  Extend  from  the  difference  of  latitude  304,  to  the  departing  2078,  on  the  line 
of  numbers;  that  extent  will  reach  from  radius,  or  45°,  to  the  course  81°  41',  on  the 
line  of  tangenis. 

3dly.  Extend  from  the  course  61°  41',  lo  the  radius  90°,  on  the  line  of  «ne8;  that 
extent  will  reach  from  the  departure  207^  to  the  distance  2102  miles,  on  the  liae  of 
numbeiH. 

BT  INSPECTION. 

Rdle.  Looh  for  the  middle  latitude,  as  if  it  wns  a  coume  in  Plane  Sailing,  and  'he 
dilTerence  of  longitude  in  the  iliwance  column,  opposite  to  which,  in  the  column  of 
kHTlude,  will  stand  the  departure ;  having  the  difference  of  latitude  and  departure,  the 
course  and  distance  are  found  (as  in  Case  VI.  Plane  Sailing)  by  seeking  ui  Table  II., 
with  the  difference  of  latitude  and  departure,  until  they  are  found  to  agree  in  their 
re^wetive  cotuintiB ;  opposite  to  them  will  be  found  the  <lislanue  in  its  coUiinu,  and 
the  course  will  be  found  at  the  top  of  that  table,  if  the  departure  be  less  tlian  the 
difierencB  ot'  latitude,  otherwise  at  the  bottom. 

Thus,  with  one  tenth  of  the  difference  of  longitude  269.4  or  269, 1  enter  Table  II., 
and  oppcrate  to  it,  in  the  distance  column  of  the  tidilee  of  39°  aud  40°,  I  find  209.1,  and 
206.1  UI  the  latitude  coluirm;  now,  the  middle  latituile  being  nearly  39i°,  I  take  tite 
mean  of  these,  Si07.G,  for  the  departure,  which  being  multiplied  by  10,  gives  the  whole 
ieparture  2076.  Again,  1  enter  Table  I.  with  one  tenth  of  the  dejiarture  207.f>,  and 
me  tenth  of  the  difference  >f  hititude  304,  and  find  that  they  agree  nearly  lo  a  course 
(rf*?}  pointi^  and  a  distance  )f  210,  which,  multiplied  by  10,  gives  the  sought  discniic^ 
JlOO  mileB,  nearly. 
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Both  lati^udst  ard  d^rarhtre  from  the  meridian  ^vtn,  to  fmd  the  anirtt,  dtMbmce,  ant 

d^ertnct  iff  tangitudt. 

A  ship  ID  ibe  latitude  of  4^  S7'  N^  and  longitude  of  ISP  W  W.,  nik  Mutb'weeterljr 

dlt  her  departure  u  194  milee,  uid  latitude  in  47°  18'  N.     Required  tlie  coune,  ■ 

diatuice,  aul  loiiiptude  in. 

Latitude  left 49*S?'N. 

Latitude  in 47  16  N. 

DiSbrence  of  latitude. ..     2  39^15&nute& 


BY  PROJECTION. 

Draw  the  meridiBn  ACD,  on  wliich  ake  AC  equal  to  the  dif- 
ference of  latitude  159  miles ;  draw  CB  iierpendicular  to  AC,  and 
nuihe  it  equal  to  the  deiianure  194  miiea ;  about  B,  as  a  centre, 
dciKribe  an  arc  ab,  on  wljjch  set  ufT  tlie  middle  latitude  48°  38'; 
throi^i  B  and  b  draw  the  line  BD,  m««ling  ACD  b  D ;  join  AB, 
and  it  is  done ;  for  AB  will  be  the  dixtaoce  eailtHl,  whicli,  being 
measured,  will  be  found  equal  to  250.8  mikta ;  BD  will  be  the 
diltbrcnce  of  longitude,  equal  to  293.S  miles;  and  tbe  angle  CAB  will  reprewnt  the 
course  from  the  meridian,  30"  40'. 

BT  LOGARITHMS. 


To  find  the  diatanca. 

Ab  sine  courae  50"  40' 9.88844 

Is  to  the  departure  194 a38780 

So  is  radius  90° lOjmOOO 

To  the  distance  aSCS 3.38936 


Longitude  sailed  from 15°  Iff  W. 

Difference  of  long.  394  miles.     4  54  W. 
Longitude  in 20  10  W 


To  find  the  coune. 
As  die  difference  of  latitude  159   2^140 

Is  to  raaius  45° 10.00000 

So  is  the  departure  194 238700 

To  Kmgent  course  50"  40- 10^)9640 

To  find  die  difference  of  longitude. 
Aseosine  middle  laL  48° 38'...    9.82013 

1h  to  the  deuaniire  194 2Ji8780 

So  is  radius  90° 10.00000 

To  difference  of  long.  293.5. . . .    3.46768 


BY  GUHTER. 

1st.   The  extent  from  the  difference  of  latitude  IK 
of  numbers,  wUI  reach  from  radius,  or  45°,  to  the  cou] 

adly.    The  extent  fh>m  50°  4^  to  radiua,  or  90°,  on  t 
the  departure  194,  to  tlie  distance  351,  on  the  line  of  m 

Stilly.  The  extent  fh)m  the  complement  of  miildle  latitude  41°  SSy,  to  redius,  or  90", 
4n,the  line  of  sines,  will  reoch  from  the  departure  194,  to  the  difference  of  loii^tude 
194,  on  the  line  of  nmnbers. 

BT   INSPECTION. 

Rtii.B.  With  the  diflerence  of  latitude  and  departure,  find  the  course  and  distance 
(U  in  Case  VI.  of  Plane  Sailing),  hy  sefkin^  in  Table  II.  until  the  difference  of  latimde 
and  de|)BJuire  are  found  to  correspond,  against  wliich,  in  the  distance  column,  will  be 
the  distance  ;  and  il'tlie  departure  be  less  than  the  difference  of  latitude,  the  couisa 
will  lie  found  at  the  top  of  that  table,  otherwise  at  the  bottom. 

Tlien  take  the  middle  latitude  as  a  course,  and  find  the  depsrtiire  in  the  Intimda 
column ;  tt  e  number  correaponding  in  the  distance  column  will  lie  the  difference  of 
longitude. 

In  the  present  example,  with  the  difference  of  latitude  159,  and  the  departure  194, 
we   find  that  tl^e  nearest  numliers  to  these  are   L58.0  and   195.1,  standing  together 


to  the  departure  194,  on  the  line 
le  50°40',on  the  line  of  tangenls. 
e  of  sines,  will  reach  from 
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aver  51°,  agBiDHt  the  distasM  351 ;  whrac«  the  comae  by  inspectkm  is  S.  51°  W^  aud 
the  diinmiRe  351.  Then,  inking  as  b  counM:  49°  (wliich  is  the  neareM  to  the  miilitle 
latitude  48" 38'), 9e<*  lor  the  departure  194  in  thelntilnde  column;  the  nenretit  murihet 
■sl!ll.2i  oppo^iu  tills,  ill  the  distance  colunin.ia  aye,  for  the  difference  of  lougiiude; 
this  value  differs  a  little  Iroin  that  found  liy  lugarithnia,  owine  to  the  niUus  of  middle 
latitude  neglected;  for  if  we  were  dIbo  to  find  tlie  diflcrence  of  longitude  for  thi'^iiiidille 
talituile  48°,  and  nroiiartioti  for  the  minutea,  the  result  would  coiiie  out  nearly  tlie 
rame  «s  by  lDg)uitLDi& 

CASE  III. 

Oik  latitude,  eourtt,  (md  AMmux  gititn,  tc  _^  Bit  d^rtnet  <tf  kaawU  and  diffcrtiice  Iff 

longitude. 

A  ship  in  the  latitude  of  42°  atX  N.,  and  longitude  58°  51'  W.,  soita  S.  E.  by  S 

300  uiiUn.     Retjuired  the  latitude  aud  lon^tude  iu. 

BT  PROJECTION. 
Draw  the  nteridian  ADE  (as  in  Case  I.  Plane  Suling);  upon  ^ 
M  a  centre,  i\e»-ritie  an  arc  with  the  chord  of  Gtf,  and  u|ion  it  get  of^ 
from  where  it  cnta  AD,  tlie  course  9.  E.  by  S.,  or  3  uoiuts;  through 
^t  point  of  tlie  arc,  and  the  point  A,  drew  the  fine  AC,  which 
UMke  e{|iiBl  to  the  distance  300  miles;  from  C  let  full  iijion  AD  the 
|ier;)pudicnlar  CD ;  then  will  CD  be  the  departure  lti(i.7  milts,  and 
AD  the  differente  of  latitude  349.4  miles.  Hi^tice  we  obtain  the 
latitude  arrived  at,  and  the  middle  latitude;  draw  the  line  CEl, 
making  an  angie  with  DC  of  40°  2S  equal  to  the  middle  latitude; 
and  die  itistaiiee  CE  will  be  the  differeuce  of  longitude  219  iiiilea; 
bettce  the  lougitude  m  easily  obtained. 


BT   LOGARITHMS. 


To  lind  the  diflbre&c«  of  la 

As  radius  6  points 

It  to  die  disianre  300 

So  is  cosine  courae  3  points. . . . 

To  the  difTerence  of  lat.  249.4 . . 


Latitude  in 38  31  N. 


Longitude  in 55  12  W. 


To  find  the  departure. 

As  radius  9  |>oiiits 10,00(100 

Is  10  the  [llsttuicc  :KI0 2/17719 

So  is  sine  coiiree  3  points 9.74474 

To  the  depaiture  166.7 3.3818H 

To  fiiid  tlie  difference  of  longitude  willi 

ttie  ileparllire. 
A«  cosine  middle  lat.  40°  36' . . .    9.S8148 

IstotbedeiMiiture  166.7! 2.-WI86 

So  is  radius  90° lOXWOO 

To  difference  of  longitude  219.    2.:HC38 

Without  the  depanure. 
Ab cosine tnid. lat. 40" afi'Ar. Co.    O.ll&W 

Ih  to  sine  rouiw  3  poiiila 9.74474 

So  la  disuince  1300  milea 3.47712 

To  difference  of  longiude  219.    3;t4038 


BT  GUNTEB. 

la.  The  extent  from  radius  8  pouita,  to  the  conu 
ibe  line  marked  SR,  vrill  reach  from  the  djetauce  30 
n  the  line  of  nuinl>era. 

3dly.  The  extent  from  radius  8  points,  to  the  course  3  pointd,  on  the  line  SR,  will 
reach  from  the  distance  300,  to  the  departure  167,  on  the  line  of  numlieis. 

3dly.  The  ement  from  the  complement  of  middle  latitude  49°  34',  to  radius  90°,  op 
die  liiie  of  sines,  will  reach  &om  the  depaniure  167,  to  the  difference  of  longitude  21B, 
on  the  liiw  of  numbera. 


•TWecc 


ta  U  Ibe  cod  oT  Com  VJI.  it  V,  makjag  liw  u 
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7a  MIDDLE  LATITUDE  SAIUNG. 

BY   INSPECTION 

RiTLE.  With  the  course  and  JiBtouce,  lind  the  difibrence  of  lalit  do  and  dppanun 
(a»  ill  Case  1.  of  Plane  SHiling),  by  fimliiig  the  siven  coutw;  at  the  to|i  or  bcttniu  of  the 
tfU)le3,  thither  ainung  the  \io'niX3  or  (l«gr^v« ;  iii  that  page,  and  o|]|H)eite  to  tlie  diniaiiee 
taken  in  its  column,  will  Hand  thedifTereiiceof  latitude  and  depurlurein  their  col un ids. 
Tlien  take  the  middle  latitude  as  a  course,  and  find  the  de)>anure  in  llie  liiutudu 
coluiriii ;  ugaitiet  it,  in  the  disiuiice  colunm,  will  stand  the  difference  of  ttin^iiiide. 

TliuH,  under  the  counie  three  uoiiite,  or  S.  E.  by  9^  and  nffainst  the  distance  30O, 
aland  the  difference  of  latitude  34^4,  and  die  de))aniirc  l(e.7.  With  tlie  middle 
latitude  40°  26',  or  40°,  as  «  course,  and  the  departure  16li.7,  found  in  the  lotitudfl 
ixjjuiiui,  we  find,  in  the  diMaace  column,  the  difieiance  of  longitude  31S. 

CASE  IV. 

Both  latituda  arid  course  given,  to  find  the  depariurt,  ditttmct,  and  difftrcnte  of  longitude. 

SLit>|Kise  H  ship  sailing  from  a  plac«  in  tho  latitude  of  49°  57'  N.,  and  longitude  of 

W  Vv.,  mnkee  a  couree  sood  of  S.  39°  W^  and  then,  hy  olwrvadon,  is  iu  the  lotituds 

of  47°  44'  N.;  required  tne  distance  run,  and  the  longitude  in. 

Ltttitudefrom 49°  57' N. 

Latitude  by  obHervaikm 47  44  N. 

3  13 


Difference  itf  latitude  . , 


BY  PROJECTION. 
Drew  the  meridian  ACD,  on  which  Bet  ofT  AC  eaiial  in  the 
difference  of  latitude  133  tniles ;  draw  CB  peipendiciilar  to  AC ; 
draw  the  line  AB,  making  an  angle  eauat  to  the  course  3Sf,  with 
AC,  and  meeting  BC  in  B ;  tlirougn  B  draw  BD,  making  an 
onsle  equal  to  the  middle  latitude  4Er^  51',  with  the  line  BC,  and 
it  w  done ;  for  AB  will  be  the  distance  171.1  miles,  BO  the 
deparlure  107.7  miles,  and  BD  the  difference  of  k)ugitude  1G3.7 

BY  LOGARITHMS. 


To  find  the  departure. 

48  radius  45° 10.00000 

Is  to  the  <liflerence  of  lat.  133. .  2.12165 
So  is  tangent  of  course  39°  ...  9.90837 
To  the  departure  107.7 fi.Oaaaa 

To  find  the  distance. 
As  cosine  of  the  course  39°. .. .    9.89050 
Is  to  the  difference  of  lat  133. .    3.13;t85 
BoisradiuB  90° 10.00000 


I7L1.. 


To  tlie  

To  fitid  the  longitude  in. 

Longitude  railed  from 30°  00*  W. 

Differenceof  bngitude  164..    2  44  W. 
Longitude  m 33  44  W. 


To  Gad  the  difference  of  longitude  by  the 

departure. 
As  cosine  middle  laL  48°  51'. . .    9.81825 

Is  to  the  depanure  107.7 a.0:t229 

So  is  radius  90° 10.00000 

To  the  difference  of  long.  16a7    3:21397 

The  diflerenre   of  longitude   may   be 
found  withuui  the  di-mrture  by  Theorem 
IV.  Middle  Latitude  Sudiiig;  tlius, 
As  cosine  middle  laL  48^51'.    .    9^1825 

Istoiangentofi;ouree39° 3Jt0837 

SoisthediirereuceoflaL  133. .    3.13985 


9.81825 
To  the  difcrence  of  long.  163.7   8J31397 
BY   GUNTER. 
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2ilty.  The  extent  from  the  comj^mem  of  the  course  51°,  tu  the  nuliiw  90°,  on  the 
line  of  siiies,  will  reach  from  the  diflTcreuce  of  latitude  133,  to  the  disauce  171.L  on 
the  luie  of  nuiiilwrH. 

3<lly.  The  extent  from  the  complement  of  the  mklille  latitude  41"  09',  to  radiuB  90° 
•0  tlie  line  of  auies,  will  reach  from  the  ilepanure  107.7,  to  the  difiereuce  of  tongiiud* 
V&7,  ou  die  liue  of  uuiiiheie. 

BY   INSPECTION. 

Find  tlie  course  imong  the  points  or  degrees  [in  Table  I.  or  11.,  as  in  Cn«e  II.  Plane 
Saiiiu);),  and  the  difference  of  latitude  id  ita  column,  agiiinst  which  wUl  stand  die 
disuuiue  and  <le|ianLire  in  their  columns ;  then  take  the  middle  Intilude  as  a  couran, 
oDd  lind  dte  deimrture  in  the  latitude  colunm,  agaiusl  wliich,  i:i  tlie  diataiice  column, 
will  ttaiid  die  ilinerence  of  loit^tude. 

T1III.-4,  witli  the  course  311°,  aud  the  difTerence  of  latitude  133,  1  enter  Tid>le  II., 
the  iieunsst  uuttilier  in  llie  table  ia  l^2S,  wltich  corresponds  tu  die  distance  171,  and  to 
the  deiwrture  lOT.U  miles. 

Tlii:ii  nidi  tlie  middle  Utilude  48°5r,  or49°,a8a  course,!  enter  Table  II.,aiid  seek 
for  tlie  dejNirtiire  107.fi,  iu  tile  latitude  culuiiiii,  wbicli  correspoiida  to  die  ilisuuw  ItA, 
nr  tliK  diHereucv  of  kiugilude. 

CASE  V. 
Both  laiihuUt  md  di»la>uv  gWtn,loJtrid  the  ema-te,  departure,  ami  differctux  0^ 

Sup|Niae  a  ship  sails  300  miles  north- wesierl;^  ^f  "  p'^^  ■"  ^^  iHtimde  of  37°  N., 
and  tlie  longitude  of  33°  16*  W.,  until  she  is  in  the  latitude  of  41°  N. ;  required  her 
euunw  and  longitude  in. 

Latitude  left 37"  0"  N.   37°  C  N. 

Latiiudeiu 41    0        41    0 

4    0        Slim 78    0 

_60_       Middle  latitude. . .  33   0' 
Difference  of  latitude  340 

BY  PROJECTION. 
Draw  the  meridian  ACD,  on  which  set  off  DC  equal  to  the 
difference  of  Iniitude  240  miles ;  draw  the  line  GU  per)>endicutar 
to  DC  ;  take  the  distance  300  in  yoilr  cornpaaaea,  anil,  with  one 
'oot  in  D,  as  a  centre,  sweep  an  arc  cutting  OH  in  P ;  join  DB ; 
oake  the  tiiigle  CBA  equal  to  the  middle  latitude  39°,  ana  draw  BA 
cutting  DCA  in  A,  and  it  is  done ;  for  BC  is  the  departure  180  miles, 
BA  the  difference  of  longitude  S31.6  miles,  and  the  angle  BDC 
reureaenta  the  angle  of  the  elup's  courae  witli  the  meridian,  which  is 
lhei«fore  N.  36°  33!  W. 

BY   LOGARITHMS. 

To  find  the  difference  of  longitude  by  the 

de|Nirture. 
As  cosine  mi.lille  latiiitde  3D°. .    0.89050 

la  Eo  die  dei>arture  180.0 f  3.25.'')34 

9oiBmdiuB90° 10.00000 

To  diference  of  long.  231.6 2Mimi 


To  find  the  course. 

As  11,0  diatance  300 2.47712 

la  to  mdiiirt  !10° 10.00000 

So  m  difference  of  latitude  340.    2J)8021 


To  find  the  departure. 

As  radius  90° 10.00000 

Is  to  the  distance  300 2.47712 

So  is  sine  course  36°  Sa- 9.77B12 

To  die  departure  180.0 835534 


To  find  the  longitude  in. 

Longitude  left 32°  Iff  W. 

Difference  of  longitude 3   .53  W, 

Longitude  in 3(i     8  W 


ilitada  ia  Ibe  lable  al  the  end  oT  Caie  VII.  i>  I',  milking  iiw  correciad 
'««lJLg  opersiioD,  wu  round  equal  to  iJtSMl,  diSeriug  >  liiile  front  Uw 


MIDDLE   latitude:  8A1UNO. 


BT   GUNTER 

e  300,  to  the  difference  or  iMitude  310,  no  the  tine 

90°,  to  the  couiplememoftltecounie,  equal  toSS'S' 


laL  The  extent  from  Ihe  dist 
fiTiiuiubere,  will  reach  iivm  nid 
tat  ciie  line  of  unes. 

2dly.  The  extent  from  radiua  W,  to  the  couree  36=  52 ,  on  tlie  line  of  ainca,  will 
reach  from  the  itialaiice  ItOO,  tu  the  liepvuire  160,  on  the  line  of  inimlK^ra. 

3d\y.  Tlie  ekteut  from  the  coinplenienl  uf  the  nikldlu  latiliidt!  .'>1°,  lo  (he  radius  90° 
on  tlie  tioe  of  aiiiea,  will  roach  troin  tlie  departure  180,  to  tJie  difference  of  tongitiidft 
331^  on  the  Itne  of  nuinben. 

BT   INSPECTION. 

Find  the  courae  (wi  in  Caae  IV.  Plane  Sailing)  hy  eeeliing  in  Tahle  II.  till  Bgainst  th« 
distance  taken  in  itp  column  ie  foiu)d  the  dlfii^reiice  of  latituile  in  one  of  tlii'  following 
culiuitns ;  adjoinbg  to  it  will  stand  tlie  de|inniire ;  which  if  lesH  than  the  dilTcreiicre  ta 
latitude,  the  course  is  to  be  found  at  the  top  of  ttic  tahle,  hut  if  grealer,  at  the  bottom ; 
then  take  the  middle  latitude  as  a  couree,  and  find  the  de|NUture  in  the  uolunui  of 
difference  of  latitude,  agmnat  whieli,  in  the  diBlaiice  column,  will  «aud  the  dilTcrcnce 
of  longitude. 

Thus  the  diatant^e  300,  and  the  difference  of  latitude  340,  ore  found  tu  cnrTvsjiond 
nearly  to  acourseof  37°,  and  a  departure  uf  180.5;  then,  taking  llie  inidille  btjtudc  39° 
as  a  course,  I  seek  the  deponure  180..^,  in  the  latitude  coluinn,  forrutiHindiiig  to  which, 
in  the  distance  column,  is  the  difieroiice  of  longitude  233. 


A  ship  b  the  latimde  of  50°  Iff  8.,  and  longitude  of  30°  0(y  E.,  sails  E.  S.  £.  until 
ler  depaituR  la  160  miles;  required  her  distiuice  miled,  and 
athude  ami  longitude  in. 

BT  PROJECTION. 
Divw  the  meridian  ACD,  and  parallel  thereto,  m  a  distance 
3qual  to  the  dc|iBrtiire  160  miles,  draw  the  line  EB ;'  ninke 
die  angle  CAB  equal  to  the  course  d  points,  and  draw  \B 
uieeling  EB  in  B;  from  B  let  fall  upon  AD  the  perpendicular 
BC ;  tlien  is  AC  the  difference  of  latitude  6IU)  miles,  and  AB 
the  distance  sailed  173J2  miles ;  huvinit  thus  obtained  the 
middle  latitude  50°  43',  make  the  angle  CltD  equal  thereto,  and 
draw  BD  meeting  ACD  in  D ;  then  will  BD  be  the  difference 
of  longitude  3SS.7  miles. 

BT   LOGARITHMS. 


To  find  the  difference  of  latitude. 

As  radius  4  iwinta laOOOOO 

la  to  the  deimrture  160 2.30413 

8o  IB  cotangent  course  6  jioints.    fttSlTlia 
Tothedifrerenceoriat66.3...    1.82134 

Utitudelefl SCIO-S. 

Difference  of  latitude  66 1   08  a 

Lathude  in 51    16  S. 


To  find  tlie  distance. 

As  sine  cointie  6  (loints AJXTiO 

In  to  tlie  departure  too 2^20413 

So  is  radius  e  [mints 10.00000 

To  the  distsor*  \ns 2.238.^ 

To  find  the  difference  nf  loii);ilude. 
As  cosinemiildle  luiitude  50^4;f    DJWl.M 
Is  10  the  deiHUtura  160 2:iJ0413 


To  the  difference  of  long.  353.7   8.40261 


Longitude  lefl 30°00'E. 

Difference  of  longitude  253 4   13  E. 

Longitude  m 34   13  B. 
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Bt   GUNTER. 

Is.  The  extent  from  the  courve  d  points,  to  the  radiiiB  4  points,  on  the  line  innrhed 
TR,  will  rencfa  fiom  the  ilepotture  160,  to  tlie  liiflereiice  of  latitude  6GJ3,  on  the  lino 
of  numbers. 

Sdly.  The  extent  from  6  poinis,  to  the  radius,  or  S  points,  on  the  line  marked  SR, 
will  reach  from  the  dejiHrture  HiO,  to  the  dtutauce  173.li!,  uii  ilie  line  ut'  riunilivra. 

3illy,  The  extent  from  the  coiiiiileineiit  of  the  inidille  luiitude  39°  I"',  lo  ilie  j-nciim 
90°,  on  the  Hi nes,  will  reach  goni  the  ile|>artui«  160,  to  the  diflereuce  of  longitude  S52.7, 
OQ  the  line  of  uumbeis. 

BY   INSPECTION. 

Find  the  course  among  the  points  or  degrees,  Tahle  I.  or  Table  II.  (bb  in  Cose  III. 
PJsne  Sailing),  Mid  ihedeiiuiture  in  it8Coliimn,corT<wpondlng  to  which,  in  the  columns 
of  disioiire  aiul  diflV^ri'nue  of  Intitiide,  will  be  fuimd  the  ifuitance  and  difleruni^e  uf 
latitude  reBiN'ctively  ;  tlii-n  with  the  middle  latitude  an  a  course,  seek  the  departure  in 
the  cnliinin  of  latitude,  corresponding  to  which,  in  the  distaiice  column,  will  stand  tha 
difference  of  loneitiide. 

Thus,  I  enter  Tahle  I.,  almve  E.  S.  E.,  or  <!  points,  and  seek  for  the  departure  160, 
tbe  nean'st  lo  which  is  15!IB;  the  r-orrcs|)ondi)ig  tiutnbers  ^ve  the  distance  173,  and 
the  ilifforence  of  latitude  MtiJi  miles. 

Enter  Table  II.  with  (he  middle  latiUide  50^  4d',or(.'>P  nearlyj  as  a  coiirae,  an<l 
seek  tor  tlie  ile|>nrture  ItiO,  )ii  the  latitude  coiimin,  op|in«iTe  to  which,  in  the  iliatancn 
column,  will  be  found  the  diltereuce  of  longitude  254  miles,  nearly. 

CASE   VII. 

IM«  latitude,  dittanet  toQtd,  itnii  depnrixcre  from  the  men/&in  givett,  lo  find  the  court*, 

difference  af  latitude,  and  differaue  of  longAuIe. 

A  ehip  in  die  latitude  of  4»° :»'  N^  aiiil  lonjntude  of  25°  CK  W.,  sails  south-eaHerlr 

215  miles,  until  her  departure  frum  the  meridiati  be  167  miles;  required  thecouiM 

■eeretl,  and  tlie  laUtude  and  longitude  the  ship  is  in. 

Bt  paOJECTlON. 
Dmw  the  line  BD  equal  lo  the  de|iartiire  167  miles,  and 
peqiendiculnr  thereto  draw  ^the  mericliuxi  line  ABC;  take  an 
exieut  cqiial  to  the  dinanm  315,  in  your  cor[i|NK*eii,  and  with  one 
font  in  D,  an  a  centre,  dcw^rilie  an  nrr.  initting  AB  in  A  ;  join  AD  ; 
then  will  AB  be  the  diflttrcnre  of  latitude  13->.4  miles,  and  BAO 
the  course,  S.  50°  58'  E.  '  Henc«  we  have  the  latitude  in,  and 
middle  latitude;  make  iheaiigh;  BDCeniial  lo  tlie  mitldle  latitude, 
and  draw  DC  cutting  ABC  iu  C;  iheii  DC  will  be  the  difTemace 
oTIoiigitude  251.5  miles. 

BT   LOGARITHMS. 
To  find  tlie 

As  the  disumne  21.5 2;»244 

.  10.00000 


l(!7  . 


So  B  llie  [lepartui 

To  sine  coun*  50°  58' -.    9JflKI28 

To  find  the  difTerence  of  huitude. 

Asmdiua 10.00000 

Is  to  the  .I'lBisnce  215 a;t:K44 

So  is  ciwine  coiirae  50°  58'  ....     a7<Hil8 
To  the  difTerence  of  laL  135.4,,    3.13162 

To  find  the  difference  of  longitude. 
As  cosine  middle  bt.  48°  23'. . .    !).B229G 

Ism  the  departure  167 3.92273 

So  is  radius 10.00000 

To  (he  difference  of  kmg.  951.5   2.40046 

"i^  comciiDD  (/■hij  jaiiludc  in  tha  Ubie  it  1',  n 


Latitude  in 47  15  H 


Longitude  left 25°  OO"  W 

Difference  of  longhudeSSI..    4  18  E. 
Longitude  in 80  48  W 
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BY  OUNTER. 

Ih.  The  extent  flrom  thfi  dietance  213,  to  ibe  depanure  167,an  tlie  lino  of  nainbiii^ 
will  reuch  fmrn  the  railiuB  QC,  to  the  coime  50°  Sv  on  the  line  of  itiiies. 

Sdly.  The  enent  from  radius  9(f,  to  the  conipleiueut  of  the  coune  39°  02'  on  ths 
line  of  riuta,  will  reach  from  the  distance  315,  to  the  di^rence  of  latitude  135^  oa 
the  line  uf  numbera. 

3<lly.  The  extent  (rom  the  complement  of  the  middle  latitude  41°  37',  to  the 
radiuu  W,  un  the  line  of  wiea,  will  reach  Ihiin  the  deputui«  167,  to  tli«  difference  of 
longitude  2SLS,  on  the  line  of  numbers. 

BY  mspEcnoN, 

Aa  in  Case  V.  Plane  Sailing,  find  the  courae  by  seeking  in  Tiibte  11.  till  af^iiM  the 
dietaiice,  in  its  column,  is  found  the  given  departure  in  one  of  the  following  colunins 
adjoining  to  which,  in  the  other  column,  will  be  the  diflerence  of  laliiude,  which  if 
oreaier  uian  the  departure,  the  course  will  )>e  at  the  top,  but  if  hwa  ilie  courxe  will  tie 
luund  Bt  the  bottom.  Then  take  tho  middle  laliiuile  iieacouiBe,Bnd  And  tli*!  depart  lira 
in  the  ciihunn  of  difference  of  latitude,  ogainat  which,  in  the  diatance  cohiinii,  will  be 
found  the  difference  of  longitude- 

ThuH  the  distance  31.5,  and  the  departure  167,  ar"  found  nearly  to  corrvsiiond  to  a 
couiso  of  51  degrees,  andaditfer^nce  of  latitude  of  1311.3  j  then  with  the  middle  laliliKle 
48°,  as  a  oourve,  I  enter  the  table,  and  seek  for  the  de)mrtiire  167,  in  the  latitude 
coliutm ;  the  tUstance  coiresfKiiidiiig  250  is  the  difference  of  longitude  nearly. 

In  all  the  preceding  examples,  we  have  u>ied  the  middle  latitude,  witliout  any 
correction,  in  computing  the  difference  of  loneitude;  but  when  abBolute  ar.i;iinicy  ia 
required,  lliis  latitude  must  be  corrected.  We  hafc  eiven  ui  tlie  Ibllowing  talile  the 
value  of  this  correction  in  the  moat  cominon  cases.  K  reqiiirea  no  p.'rticulHr  e\|)lana- 
jon:  one  example  will  serve  to  show  its  use.  Suppose,  therefore,  tiie  two  Intitiides 
^o  be  40°  and  60°.  Here  tlio  middle  latitude  is  50°,  and  tlie  difference  of  laliluile  20° ; 
the  tabular  correction  cotTBBponding  to  these  numbers  is  57';  adding  this  to  50°,  we 
get  the  corrected  middle  latitude  50°  57',  which  ia  to  be  used  iiisletid  of  50%  when 
preal  accutucy  ia  required.  We  have  inserted  in  the  nutea  at  the  bottom  of  the  pages, 
in  the  preceding  eiamplee,  the  valuea  of  this  correctioa,  but  have  not  introduced  it 
bto  the  calculations,  becauae  it  ia  generally  unneceAary  chi  account  of  its  ainallnesa. 

TABLE. 


Tbi»  Table  oraitaiiia  the  oonection,  in  minute.,  to  bn  added  to  the  Middle  Latitude  to  1 
obtain  the  corrected  Middle  Lititude.                                            | 

Mid. 

L*T. 

DirFaasaci  or  LiTiTcna. 

Mm. 

L»T. 

1° 

V 

3° 

4° 

5° 

6° 

7° 

8° 

9° 

10° 

12° 

14° 

16° 

19° 

20° 

15 
18 
id 

0 
0 
0 

2 

S 

4 
4 

9 

B 

7 

12 
10 
9 

15 
13 
12 

18 
16 
15 

26 
31 

36 
32 
29 

47 

41 
37 

59 
52 
47 

72 
64 

58 

15 

18 
31 

'M 

:» 

35 

0 
0 
0 

3 
3 
3 

7 
6 
6 

9 
8 
8 

11 
10 
10 

14 
13 
12 

ao 

18 
18 

27 

as 

24 

35 
33 
32 

44 
41 
40 

54 

50 
49 

24 

30 
35 

40 
45 
50 

0 
0 
0 

6 
6 

7 

8 
6 
9 

10 

13 
13 
14 

18 
19 
20 

35 
26 

28 

32 
34 
36 

41 
43 
46 

50 
53 

57 

40 
45 

50 

55 
58 
60 

0 
0 
0 

8 
8 
9 

10 

n 
n 

13 
14 
14 

16 
17 
18 

22 
24 
36 

31 
33 
35 

40 
43 
46 

51 
55 

68 

63 

68 
72 

55 

58 
60 

63 
64 
66 

0 
0 
0 

9 
10 
11 

13 
13 
14 

IS 
16 
18 

19 
30 
S3 

37 
39 
39 

37 
40 
43 

4!) 
52 
57 

62 
67 
72 

77 
83 
90 

63 

64 
66 

68 
70 
72 

0 
0 
0 

? 

10 

12 
13 
14 

16 
16 
18 

19 
31 
33 

24 

26 
29 

34 
38 
43 

47 
63 

58 

62 

68 
76 

79 

88 
98 

99 
110 
124 

08 
70 
78 

the  «de  with  the  middle  latitude  ;  under  the  former,  and  oppoiile  to  Dm  lutler,  ia  the 
middle  latitud*. 
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UUESTIONS  FOR  EXERCISE. 

(^lefttMi  I.  Required  the  bearing  and  distance  ttetwoen  two  places,  one  in  [h« 
aiitude  of  37°  55'  N.,  and  longitude  of  54°  23'  W. ;  die  otlier  m  the  latitude  of  33°  38*  N^ 
■Jidlougiludeofl7°5' W. 

.*wt«r.    S.  80°  9*  E,  and  N,  80=  9'  W^  dietance  1854  nulea. 

Queat.  U.  Required  the  direct  course  end  distance,  from  a  place  in  the  latitude  irf 
3G°  55*  S^  and  longitude  of  30°  0'  K,  to  anoUier  pluix  in  die  latitude  of  :U°  3)^  S^  and 
loo^lude  of  8°  54'  W, 

A».    N.  79°  46-  W.,  diitance  1447  miles. 

Quest  lU.  A  aliiu  from  the  latitude  of  37°  30*  S.,  fuii)  longitude  of  60°  E.,  Bail* 
N.  79°  56'  W.  303  iiiilea;  required  the  latitiiile  and  lougitude  in. 

.Ons.    Latitude  36°  55'  S^  longitude  55°  50*  E. 

QuMt  IV.  A  Bhip  from  the  latitude  of  34° 35' N.,  and  lonf^tiide  of45°lG' W.,  saih 
8.  83°  36*  E.,  101  iriiles;  required  her  latitude  and  longitude. 

Ai».    Latitude  34°  24'  N,  longitude  43°  14'  W. 

QuMl.  V.  A  ship  iu  the  latitude  of  49°  57'  N.,  and  longinide  of  15"  16'  W.,  sails 
wuUi'Wt.stcrly  till  her  departure  is  789  miles,  and  latitude  in  39°  20'  N.;  required  tb* 
course,  distanoe,  and  longitude  in. 

.4n«.    Course  S.  51°  OS  W.,  distance  1014  mUea,  longitude  in  33°  45*  W. 

Quea(.  VI.  A  ship  in  the  latitu.k  of  48°  30'  N^  mid  longitude  58°  51'  W^  aailr 
8.  £.  by  S.  .591  uiiles;  requireil  the  latitude  and  longitude  in. 

■Jru.    Latitude  'M'  19'  N.,  longitude  51°  SQ-  W. 
Liig  from  a  piece 

K  good  of  S.  39°  W.,  uiid  tltmi,  1)^  oliservtitioii,  is  in 
the  iBtiturte  of  45°  31'  N.;  required  tiie  dittaiico  run,  and  lou^tude  in, 

Aru.    Distance  343J),  longiiuile  35°  W  W. 

^lest.  VII).  A  elii]i  in  the  latitude  of  50°  10*  S.,  and  longitude  of  30°  00'  E.,  aaiU 
E.  S-  E.  iiiiiil  her  depurtura  is  9.57  miles;  required  lier  dixtuuce  soiled,  and  liuilude 
knd  longitude  in. 

Aia.    UiHiaiice  10)6  Miilea,  latinide  56°  46'  S.,  longitude  56°  48'  E. 

AiMf.  IX.  A  ship  ■»  the  latitude  of  49°  30'  N.,  and  longitude  of  35°  00'  W.,  Baik 
■oudi-eai'ierly  645  initc«,  until  hcrdepuiiure  fhini  the  iiieridiau  be  500  utiles;  rw]uin4 
the  cotirtH:  slecreil,  uiiil  the  liuilude  and  lottgitude  tlie  sliiii  ia  in. 

Am.    Cquio,;  a  50°  ttf  K.  latitude  43°  ^  N.  kmgiuile  13°  SO*  W 
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MERCATOR'S   SAILING. 


Tbe  calculations  hj  Middle  Latitude  Sailing  are  aiifiiciently  exact  fbra  ^no*!  mn, 
3r  a  day's  work,  and  ore  lo  be  preferred  in  alt  casea  where  tlie  difterence  of  latitude  >i 
■niall  ill  comiNiriHon  wilh  the  diftiirencB  of  longjiiide ;  but  this  m^od  ui  lieble  lu 
great  eirois  in  cHlcLilatiiiK  ihe  situations  of  placea  differing  greatly  in  latitude  and 
longitude,  particularly  iit  liigh  latitudes.  To  remedy  this  iiiconviinience,  a  chart  waa 
invcmeiland  pnbltshoil  in  tlie  year  IA6t>,byGeiURD  ME(ic*Taa,aFleinieh  geographer, 
ill  which  all  the  ineriiliDns  are  parallel  lo  each  other,  hut  pro|>ortionBlly  lenetlifncd  so 
BBiocoufonn  to  tlie  a)ihericHl  figiireof  theeortli.  The  |irincii>lea  on  which  this  chart  is 
constnicied  were  firat  explained  in  the  year  1599,  by  Edwonl  Wright,  an  English  man, 
and  are  as  folluWH : — 

By  Theorem  II.  of  Panllel  Sailine,  tlie  distance  of  two  meridians  corresponding  lo 
a  degree  or  inileof  longitude,  in  any  radtiide,is  to  the  length  ufa  correspond  Uig  degree 
or  nnle  of  die  [neridinii,  as  the  coeine  of  the  latitude  is  to  (he  radius,  that  is  (by  ,^.  5G, 
Oeonietry),  as  raihiis  is  to  the  seiuuit  of  the  latitude.  Hence,  if  the  meridians  are 
•uppused  to  lie  parallel  to  each  other,  or  tlie  dimance  of  the  nieridians  to  remain  the 
■anie  in  every  latitude,  the  degree  or  mile  of  laiinide  must  be  increased  in  proportion 
to  the  aecHiil  of  the  latiiiide.  Therefore,  if  llie  radius  be  supftosed  to  lie  cqiiul  to  one 
mile,  the  length  of  the  first  mile  of  latitude  from  the  equator  will,  be  represented  by 
the  secant  of  t' ;  the  second  mile,  by  the  secant  of  2! ;  the  diird  mile,  by  the  secant 
of  S*,  &c.  Therefore  the  length  of  the  exjianded  arc  of  the  meridian  may  he  found 
by  a  continual  ad<lition  of  secantB,  to  every  degree  and  minute  of  the  qitadrant,  as  in 
Table  I]  I.,  by  meHiut  of  which  tlic!  chert  (called  Mercator^  Chun)  may  be  constructed, 
and  all  ttiecaw»of  Mcrcaiur's  tioiling  may  be  projected  and  calculuied.* 

In  using  tliis  lolile,  the  degrees  are  to  be  found  at  the  top  or  tlie  bottom,  and  the 
tniks  oi  the  aide;  in  the  angle  of  meeting  will  be  the  leiigtii  of  the  corresponding 
expimiled  arc,  uHuntl^  called  the  mav^aruu  parit.  If  ynu  witih  lo  liiid  the  arc  of  the 
expanded  ineridiHii  lutercejited  between  any  two  ponulels,  or,  as  it  is  UHUally  called, 
the  nhoridional  dySatiKt  of  latitude,  you  riiiiHi,  wktn  both  plaeta  are  on  the  mm*  tide  ^ 
Oie  eqiu^r,  siMracC  the  mrridvmrU  parU  of  the  katt  latitude  from  Iht  meridional  paril 
&f  IhegTtnttal ;  the  remainder  utill  be  the  meridionai  difference  of  latitude  :  but  if  U«r  an 
en  differi.nl  ndti  of  the  eqtudor,  the  tnm  of  the  meridwinal  parts  of  both  latitude*  mU  be 
the  meriditmal  diffcrentt  of  latitude  rtquved, 

EXAMPLE  1. 

Required  the  iRcridional  parts  corresponding  to  the  latitude  of  42°  34*. 

Look  in  the  bnnom  or  top  of  the  table  for  42°,  and  in  the  right  or  left  hand  column, 
murlted  (M),  for^M';  under  the  former  and  opposite  the  latter  stand  t28'-i8,tliemerii]iooBi 
puna  corn!S|Hindiiig  to  ISP  34'. 

EXAMPLE   n. 
Required  the  meridional  difference  of  latitude  between  Cane  Cod,  in  the  baituda  ol 
43°  oi'  N.,  and  die  utand  of  Sl  Mary,  in  the  latitude  of  3G°  Sf  N. 

Cape  Cod^  latitude  . . . .  42°  OB*  N.      Meridkmal  parts  S786 

St.  Mary^  latitude 3S' 5S' N.      Meridional  pans  2391 

Meridional  difierence  of  latitude 385 

*'rhe  mnnnerorwiialnicltiig  Ihii  chart  will  be  psrticutaily  explatiMil  hcrealter.     Il  may  be  otnervefl, 

CBlmlmed  \enpti  o(  ihe  expanded  arc  of  ihe  meridiaD.    To  be  per&tly  occ 
■ulidiviiled  iiiio  the  siiuilleii  quauliUei  pouible.    Auemion  wu  paid  to  uu  d 
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EXAMPLE   III. 
Reiiumd  the  meriiltona)  (litference  of  lutituile  between  a  jiliu.e  in  l)ie  latiniila  of 
35°  lif  N,  Olid  llie  Cnpe  of  Good  Hope,  b  the  latitude  of  34=  22-  S. 

Latitude 35°  lU' N.     MeriilioiiHl  parta  S259 

Cape  of  Good  Hope's  laL  34°  82'  8.     Mcridioiial  parta  !il98 
Sum  18  meridional  dillbrence  of  latitude 4457 

Krom  these  principles  it  followt,  that  in  sailing  upon  any  coiinie,  (he  (ntr  or  ^rgjwf 
different  of  lattlude  u  lo  l/u  dtpariure  as  lAe  mtndwial  d^trenct  of  lattitule  it  to  the 
ikfferenct  o/ lonfpiiuk.  Hence  if  Ml  (in  the  figure  of  Case  I.  followiiia)  be  the  proper 
ditfKreiici!  of  latitude,  lO  the  dr.portui^  MO  the  distance,  the  oiiEJe  IMO  tlie  counM, 
and  we  take  MT  eijiial  to  the  meridiotiBl  difference  of  Iatilude,aiiclilmw  TH  iwrallcl  to 
lO  to  cut  MO  ccintuiued  in  H,  the  line  TU  will  reprcHeut  the  ditfcj-ence  of  lungitudu 
for  (by  Jlrt.  53,  Geometry)  MI  :  lO  : :  MT  :  TH.  Now,  in  tlie  triniigle  MTH,  by 
making  MT  nuliuH,  we  ha™  MT  :  radiua:;TH  :  tangent  TMH;  thul  ia, iA«  meriJuiiid 
difference  of  latUude  ii  to  radius,  at  tht  difference  of  Umgitude  is  to  the  (ongenJ  of  Iht 
eotirst.  By  itjakiug  MH  or  TH  radiua,  we  shall  have  other  aualngiea,  which,  beiua 
coiiibiiied  witli  tJiose  ui  Plane  Sailiug,  fumiali  the  Bolutiona  of  the  varjoua  lyisi*  of 
Mercator*H  Sailing  contained  in  the  folfowuig  table. 
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Cats. 

O.T.li. 

Bduoht. 

Bouiiiai't. 

Botli  lalitudo 
Md  loni.tudc. 

5: 

Haviiii  mill  lau.  Uis  mer.  dilT.  Ut.  it  (Uond  by  'I'nble  III. 
Met.  d.lf  uf  lu.  :  ndiiii  : :  duT.  ol'lung.  :  un«Bui  ,.uiir». 
1  Rndlria :  proper  dilT.of  lallliida  ; :  H.ont  luunr  :  Uiiinnca. 
Coa.ne  I'lKirM  ;  prop.  duT.  DTIatiliiila  : :  rndLua  :  diwanre. 

1  Mer.  diff.  uTlBi.  i  diff.  of  mug. : :  prup.  dilt  uf  tat. :  dejian. 

B«h  l«li..d« 
■nd  deiacLun. 

Count. 
Diuuco. 
DKT.ofloni. 

Mend.  d.ff.oriU.haJn(  (blind  lif  Table  III.,  oe  have 

RaJil..  ,  proiwr  diff.  iiflaiilnde  : :  ».  am  curH  :  di.iance. 
Sine  i.'uiirK  :  daparuin  ; :  radiui :  d.nance. 
Radii»  :  pierid.  diff.  oriai.  i :  tsn^i'iit  ruiim  :  dilT.  of  lung. 
Flop.  ddT.  of  lat.  :  doparune ::  inn,  diff.oflat,  :  diff.  long. 

On.  UtilBd., 

Dupurtiirs. 

Dim  uf  LMllllrto. 
Diff.  of  Jong 

RadiiiH  1  dJU.  ; :  <oeiiie  co-rae  :  prn|..  ililf.  of  lat.    Hanre  we 
Red. Ill :  NiT.d.  d^ff.  of  \u": :  laiiii^illVoiirK':  diff.  uHung! 

Bgie.  l«,.iidoi 

niiUncB. 
Diff.  of  long. 

Co.^ne  cciurw  ;  pr.™r  diff.  of  lalliid*  : :  ™diu.  i  i)i>minra. 

R«l.ua  :  pnipet  di£\>f  lal.  : :  taniieot  .iHirH  :  depanuru. 

Mrtid.  dil^  uf  lat.  being  found  in  Table  III.,  wo  have 

Badiiii :  nierid.  diff.  of  UI.  ; ;  lanzi'iil  roiinw  ;  dllT.  uf  lunf. 

Botk  milliidK 
and  il  MRnri, 

nifi'l^rloiii. 

DiHaiice  :  radii.i : :  proper  diff.  <■!  laiiiude  :  toeing  vuuraa. 

Bndiiia  :  dinance  : :  iine  course  ;  dfiwliire. 

RhIiii.  :  mend.  diff.  uf  laL  :  t  tangent  i«i»e  :  diff.  of  luBj. 

One  luitude, 
depul'un. 

i>iff.ofiun<id«. 

DMinu. 
DUr.  of  long. 

Radiua  :  depaitura  : :  cManient  cmiraa  :  proper  rilff.  uf  lat. 
Hunrs  we  bave  tbe  oUmt  luitiide  and  merid.  diff.  of  lat. 
Sine  I'oune  i  dqianun : :  ndiua  :  dialance. 

One  laliiudiL 
'deiiit.'.™.' 

Diff.  of  iiuituds. 
Diff.  of  long. 

1  Rndiiia  ;  insr.d.  diff.  of  iai.  : :  lang>-nl  counn  :  diff.  uf  long, 
i  I'rup.  d.ff.  uflu.  :  departure  ;:  men  dilT.  of  lal. :  diff.  long. 

The  latUuJti  and  longiiiuk*  qf  two  places  given,  to  Jbid  Ott  dirttt  course  and  dtstanci 
oetioeen  them. 

Required  tlie  bearing  and  distance  (ram  Cape  Cod  light- ho  ae,  b  the  latitude  of 
43°  03'  N.,  and  tongiiiule  70°  04'  W.,  to  the  ieland  of  St.  tilery  one  of  the  WcMon 
'<riRnda,  in  the  latitude  of  36°  59'  N.,  and  loiigitude  or35°  W  W. 

lOO^Ic 
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Cape  Cod's  latinide  42°    9  N.     Meridiona]  parta  . . 
St.  Mary's  latitude.  36  59  N.    MeriiUoDal  para  . . 

5    4  Merid.  difC  of  loL 


Dif!ercnca  of  laL  . .  304  milea. 


44  54 

60_ 

IMfiJ^rence  of  long.  2694  milM. 


BY  PROJECTION. 


Draw  the  rneriiluin  MT  equal  to  the  ni«ridiotial  diftereuM  of  laricude  395  itiilea ;  SM 
oft'oleo  upon  it  Ml  equal  to  the  proper  difference  of  lolituile  304  milejt ;  [>er|icniliciilai 
to  MT  draw  TH  and  10 ;  make  TH  equal  lo  the  diffTence  of  lon^tude  StiiM  miles 
dran-  HH  cuftiug  10  in  O ;  then  wiU  the  augie  TMU  be  the  coune  S.  81°  40'  E.,  and 
OM  the  distance  3098  tniles. 

BT   LOOARITHH8. 


To  find  the  course. 
As  the  merid.  dlfn  of  latitude  395   2.59660 

!■  to  radius  45° lOXMXKH) 

SDi<ithedif1erenceafloiig.a694    343040 
To  tangent  of  course  81°  40'. . .  10.83380 


To  find  the  distance 

As  radius  90° 10.00000 

la  to  the  uroiwr  diff.  of  lat.  304.  2.48387 
So  is  aecMt  of  CDiiRie  81°  40*  . .  10^^884 
To  the  distance  3098  milee 033171 


BY  GUNTER. 

let  Extend  fivm  the  meridional  difTerence  of  latitude  395,  to  the  differeace  of 
loRgitudK  3G!>4,  on  the  hue  of  iiutid>era ;  that  exiem  will  reach  &om  tht^  nulius  or  45°, 
lo  the  courwi  81°  40",  on  tlie  line  of  tangents. 

3dly.  Extend  from  the  complement  of  the  course  B"!^,  to  rBdiuB9U",on  the  line  of 
sines;  that  extent  will  reach  fi^n  die  proper  difference  of  latitude  304,  lo  tlie  distaoce 
SO^  on  the  line  of  nunibeis. 

BY   INSPECTION. 

With  the  meridicHw)  diflerence  of  latitude  and  diffirence  of  lonsitude  used  aa 
difference  of  latitude  and  departure,  fuid  the  course,  by  inspecting  uie  t^lea  until 
those  numbem  are  found  to  correH|iond ;  with  this  course  and  the  invpcr  difi'erence  of 
latitude,  find  the  convaponding  distance. 

Thus  one  tenth  of  tho  meridional  ditTerrnce  of  latitude  and  difference  of  longitude 
are  foimd  to  agree  nearly  to  a  eourae  of  7(  points!  this  course  and  one  tenth  of  tlie 
proiier  difleretice  of  latitude  30.4,  ia  found  to  correHiiond  to  the  distance  207;  this 
multiplied  liy  10  gives  the  distance  3070,difi(!ringn  little  from  tlie  result  by  lagsrixhius 
owing  to  the  neglecl  of  a  lew  minutes  in  the  course. 


CASE  n. 

B«tk  latUuda  and  Oit  dtpatiure  given^  tojind  tht  arvrte,  distanct,  and  d^ertnce  ^ 
longttiuU, 

Ariiipin  the  latitude  of49°57'N.,  and  lonntude  of  15°  16' W.,  nils  south-wesMriy 
until  iierdeparture  is  197  miles,  and  Uien,  hy  obaerretion,  is  in  the  latitude  of  47°  IS*  N.; 
required  her  course,  distance,  and  longitude  in. 

Latitude  left 49°57'  N.  Meridional  parts 3470 

Latimde  in 47   IB  N.  Meridional  parts 3289 

Diffsra         •'■tt^iide S  39  =  159  miles.         Herid.  diC  of  latitude    341 


MERCATO&'S  8AIUNQ.  HI 

BY   PROJECTIOM. 
Woh  the  pro]wr  differenee  of  latitude  and  departure,  iwoject  as  in  Case  VI.  Pbiw 


□  which  take  AE 


Kb  jierpendiciilarto  AE,and  tnakeitequaj  to  the  departure 
1!J7  iiiiics ;  Join  AD,  and  continue  it  towards  C  ;  niiike  AB 
equal  to  the  meridional  ditference  of  latitude  S41  milea,  and 
draw  BC  perpendicular  to  AB,  to  cut  AC  in  C,  and  it  is 
done.  For  AD  will  be  the  distance  2533  mile&^  BC  the 
difference  of  longitude  2gSS  miles,  and  the  angle  BAG  will 
be  the  couree-S.  31°  06' W. 

BT   LOGARITHMS. 


To  And  the  coune. 
As  the  proper  diiT.  of  lat.  159 . .    9.20140 

ia  to  rodtua  45° 10.00000 

SoBthe  depamire  197 aaM47 

ToiBiigemcoureeSroe' 10.09307 

To  find  the  difference  oflongitude, 

Airadius43° 10.00000 

b  to  merid.  ilift  of  latitude  341  2.38203 
go  » tangent  course  51°  06'.. .  •  lO.Otao? 
ToitifiereDce  oflongiuide  3983   3:47509 


To  find  the  distance. 

As  radius 10.00000 

Is  to  proper  difE  of  iatitude  159   3.30140 
So  is  secant  course  51°  Off. .        ' "  "'" — 


To  the  distance  35^2 2.40347 

Longitude  left 15°  IC  W. 

Difference  of  longinide 4   St  W 

longitude  in 80    15  W 

The  difference  of  longitude  may  alM 
be  found  by  »ying,  Aa  proper  riiffLTenct 
of  laiiliide  :  departure ; :  meridional  dilfw 
ence  of  lautude  :  difierence  of  longitude. 

BY   GUNTER. 

IK.  Tlie  extent  from  the  difference  of  latitude  159,  to  the  departure  197,  on  the  line 
vf  oaiaiterf',  will  reach  from  radius  45",  to  the  couree  51°  Off,  on  the  line  of  tangenla. 

iiij.  The  extent  from  the  courxe  51°  0&,  to  nuliiia  90°,  on  the  sines,  will  reacb  from 
tiK  deportitfe  197,  to  tlie  dirtance  353.3,  on  the  liue  of  niimben. 

3dly.  The  exleiit  from  the  radiue  45°,  to  the  course  51°  Off,  on  the  line  of  tangent^ 
will  rench  from  the  meridiotml  difference  of  latitutle  341,  to  the  difference  ot  longitiida 
!ffi&6,  on  the  line  of  niunbera. 

'     BY   INSPECTION. 

Find  the  courm  bj  Plane  Sailing,  Case  VI.,  by  fiecking  in  the  tables  with  the  proper 
difference  of  latitude  and  deuarture  till  they  are  Ibunil  to  agree  in  their  respectiVA 
colunuiH,  oorre8|K>Mdiiig  lo  which  will  be  tlie  di!itHnce  in  its  column,  and  the  course 
mil  be  found  at  ihe  lop  of  that  column  if  tlie  departure  is  Ices  than  the  pro|>er  difli^ruice 
oflatiuidL',  otherwise  at  llie  bottom;  witli  the  auine  counic  fi[id  the  mendiotial  differ^ 
ence  of  latitude  in  the  latitude  column,  com^ionding  lo  which,  in  the  departure 
column,  will  lie  the  true  difference  of  longitude. 

,  Thus  with  [lie  true  difference  of  latitude  and  de|iarture  159,  and  197,  I  find  the 
coume  51°,  and  the  distance  353 ;  in  the  same  tabic,  opixiaite  to  half  of  the  meridional 
ditTerence  of  latitude  130.5, 1  find  the  de|>anure  148^!,  whicli,  Ining  multiplied  by  !^ 
prea  die  difference  of  longitude  398  milee,  neaiiy. 


Ow  laiiltttU,  eotirtt,  aad  dUltmce  given,  to  Jmd  the  difference  of  latilwk  and  difftrt 
of  longUwU. 
A  ihip  in  Ihe  latituile  of  43°  30"  N.,  and  lonpnide  of  58°  51'  W^  Hub  a  W.  by 
SOD  miles ;  required  the  latitude  and  longitude  in. 

BY  PROJECTION. 
Ihaw  the  meridian  ABC  and  ADE,  making  nn  angie  with  it 
OTiial  to  the  coiine  3piiintB;  make  AD  equal  to  the  diatnnce  sailed 
300  niil«»,  nnil  I'roiri  D  let  fall  U[ion  AB  the  porjieudicular  BD ; 
then  will  BD  hi-  the  deperture,  and  AB  the  difference  of  latitude 
31!U  iiiilef.  Hence  we  hnve  both  latitudes,  and  the  meridional 
ilifferpiicc  of  luniiide,  to  which  tnake  AC  eqiial,  and  draw  CE 
pnmllpj  lo  Bn,  m<!eting  ADE  in  E ;  then  will  CE  be  the  difference 

ofkiu(rinide3l8j  miles.  _  

^  ~~"ui  lo.orai/?; 

11 
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BT  LOGARITHMS. 
Tu  And  tfaa  diffeieoce  of  latiiuHe.  To  find  tlie  difference  of  loigitudd 

Afl  radius  8  points 10.00000      As  rediuB  4  points IOjOCVK 

Ik  to  the  distance  300 2.47712      Is  to  itie  mend.  difT.  of  laL  337.    3.51455 

SoiBCOHinecouwe3pointB....    9.91965      So  te  tangent  courae 3  pouics. ..    9Ja489 
To  pro|>er  diff.  uf  latitude  249.4   230697      To  difTerence  of  longitude  ai&5    a;>3944 

iridioQsl  parts  SSSS      Longitude  left  . .  58°  SI'  W. 

Diff.  of  long.  219  3  39  W. 

Laiitiide  in ... .  38  21  N.    Meridional  ports  2495      Longitude  in  . . .  68  30  W. 
Mer.diff.  of  lat   387 

BT   GUNTER. 

IR.  The  extent  from  ndiui  8  points,  to  the  coinjilement  of  the  eouifle  3  points,  on 
the  line  marked  SR,  will  reach  from  the  distance  300,  to  ihedifTerenceof  laiitudcS^^, 
on  tlie  hue  of  nutiibers, 

2illy.  The  extent  from  the  radius  4  points,  to  the  course  3  points,  on  the  line  mariied 
TR,  will  reiU'h  from  the  merklional  difference  of  latitude  327,  to  the  difference  of 
iMigiiude  2IIJ.5,  on  the  line  of  numbeik 

flV   INSPECTION. 

As  in  Case  I.  Plane  Sading,  find  the  course  al  the  top  or  bottom  of  the  tables,  either 
anioiig  the  points  or  degrees,  and  in  that  page,  opposite  the  distance,  will  be  found  the 
difference  of  latitude  and  de|karture  in  tlieir  reH|KCiive  columns.  Then,  in  the  same 
tabl^  find  tlie  meridional  diftetence  of  latiliidc,  i[i  the  latitude  colunui;  cortei^ionding 
lo  which,  in  the  departure  column,  will  be  the  difference  of  longitude. 

Thus,  under  tlie  course  S.  W.  by  R.  or  3  points,  and  op{>odte  the  distance  300 
stands  the  difference  of  latitude  249.4.  Then  under  the  same  course  find  half  of  the 
meridional  ditlerence  of  latitude  in  the  latitude  column,  against  which  stands  109 
nearly,  in  the  dc|)aniire  column ;  which,  multiplied  by  two,  gives  S18,  the  diffinooe 
of  longitude,  nearly. 

CASE  IV. 

Both  lalilvdet  and  count  given,  to  Jind  tht  /Kstanct  tmd  ^ertnce  uf  longitude. 

A  ship  froirt  the  btitude  of  49°  57'  N.,  and  lonpiude  of  30°  W,  mils  a  39°  W,  till 
■heairivcs  in  the  latitude  of  47°  44' N".;  required  tlie  distance  run,  and  longitude  »- 
Meridional  pans  3470 
Meridional  parts  32(>8 
Diff.  of  latitude    8  13=133  milea.    Mer.  difiC  of  laL   203  mik« 

BV  PROJECTION. 
Draw  the  mcriilian  AEB,  on  which  take  AE  equal  to  the 
pro[H:r  difference  of  iatitude  133  miles,  and  AB  equal  to  die 
meridional  difference  of  latitude  202  miles ;  malce  the  ihkIo 
BAG  equal  to  tlie  course  3!)°,  and  draw  ED,  BC,  perpend'icuW 
to  AB,  cuurng  ADC  in  D  and  C ;  then  will  AD  be  the  distanoe 
17L1  miles,  and  BC  the  difference  of  longitude  163.6  luilea. 

BT   LOGARITHMS. 
To  find  the  distanco. 

As  tlie  cosine  course  39° 9J90S0 

o  die  proper  diff  of  kil.  133.    2.13385 


So  is  radius  90" lOOOOOO 

To  the  distance  171.1 2JQ335 


To  find  the  difTerence  of  longitude. 

As  radius  45° 10.00000 

Is  to  mend,  diff  of  latitude  202.    2.30539 

So  is  tangent  course  39° 9.90837 

To  the  difference  of  long.  163.6  _3.3137a 


Longitude  left 30°   ff  W. 

Difference  of  longitude 344  W. 

LooiinMle  in 32  44  W 
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BT   GUNTER. 
iM.    The  extern  ftom  the  compleineDt  of  the  couise  Sl°,  to  the  imlius  90°,  on  tlie 
noes,  will  reach  trom  the  pioper  difibrence  of  latitude  133,  to  the  diistanne  I71.1,  on 
the  liue  of  numben; 

2[Ily.  The  extent  fh>m  tvdiiie  45^,  to  the  coune  31P,  on  the  line  of  tan^^nts,  wil. 
rench  from  the  ineridioDBl  difference  of  latitude  203,  to  the  (UtRnnce  of  lougiiuili!  i^SAS, 
on  the  liue  of  numbera. 

BY  INSPECTION. 


di&reuce  of  lutituile  m  the   latitude  columii,  adjoining  to  which,  in  tlie  deiianur 
column,  will  be  the  diflerence  of  longitude. 

Thus,  under  the  couree  39°,  and  opposite  Che  difference  of  latitude  133  (the  nearen 
to  which  is  133.9),  eland  the  distance  171,  and  the  departure  107.6 ;  in  the  same  tabin, 
opposite  the  ni«ridioiiB]  difference  of  latitude  302,  found  in  the  latitude  coluiiui,  stands 
163.6,  in  the  departure  column,  which  is  the  difference  of  lougitude,  as  before. 


CASE  V. 

Both  latitvda  and  ditlanee  given,  to  Jind  On  course  and  difference  of  tongibtde. 

A  ship  from  the  latitude  of  37°  N^  and  longitude  of  3S?'  Iff  W^  sails  300  milei 
north-westerly,  until  she  is  in  the  latitude  of  41°  N. ;  required  the  courae  Meered,  and 
longitude  in. 

Latitude  left  ... .  37°  N.  Meridional  parts.  2X13 

Latitude  in 41°  N.  Meridiuiial  |iarts.  2702 

Difference  of  laX.     4°z=g40  miles.     Mend.  diff.  oflat.    309  niUefc 

BT   PROJECTION. 
Draw  the   meridian    ARC;    mall 
dif!ei%nce  of  latitude  340,  and  AC  e 

fereuce  of  latitude  309  miles;  drew  6d  and  CE  perpend it^ular 
to  ARC ;  with  an  extent  equal  to  the  diHtaiicc  3(K)  in  your 
comiiases,  and  one  toot  in  A,  as  a  centre,  deucrlbe  an  arc  cutting 
BD  in  D ;  drarf  AD,  and  continue  it  to  cut  CE  in  E,  and  It  b 
done;  for  the  angle  R\D  io  equal  to  the  courae  of  36°  S^*,  BD  is 
Ibe  dep«nui«,  and  CB  is  the  difference  of  lon^tude  331.7  inilea. 

BT  LOGARITHMS. 
To  find  the  courae.  I       To  find  the  diflbrenee  of  lonptude. 

As  the  distance  300 3.47713      As  radius  45° 10.00000 

bta  radius  90° 10.00000      Is  to  the  merid.  diff.  of  laL  309.    S.48<jg6 

8o  ia  proper  diff.  of  loutude  340    2.38031      So  is  tangent  courae  36°  5»  , . .    9.g7501 
To  cosine  courae  36°  Kf 990309  |  To  the  difference  oflong.  !»1.7  ^J3C497 

Longitude  left 33°  Iff  W. 

Difference  of  longitude  232  =        3  53  W. 
LM>gitudeiD 36  06  W 

BT   OUNTER. 
BL-  The  extent  fhim  the  distance  300,  to  the  proj 
dw  line  of  numbers,  will  reach  from  the  radius,  or ! 
the  courae  on  the  line  of  sines. 

3dly.  The  extent  from  radius  45°,  to  the  courae  36°  S3',  on  the  line  of  tan^nm, 
will  reach  frmn  the  meridionBl  difibrence  of  latitude  309  to  the  difference  of  longiPids 
S3L7,  tm  tbe  line  of  pumbei» 
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BT   INSPECTION. 

Ai  in  Cnae  IV.  Plane  Snilin^,  ieok  in  the  table  till  against  the  distance,  taken  in  Iti 
column,  ia  fouod  the  pvea  difierence  of  Iniitude  iu  odo  of  the  following  columoE ; 
adjoining  to  it  will  stand  the  departure,  which  if  leu  than  the  difference  of  latitude^ 
the  courae  will  be  tbund  at  the  top,  otherwiae  at  the  bottom  ;  in  the  same  table  find 
the  meridioiial  difference  (tf  latitude  in  the  latitude  column,  adjoining  to  wlwh  in  the 
departure  cojunin  will  stand  the  differunce  of  iongicude. 

ThuB  tlie  iliaiance  300,  and  the  illfference  of  latitude  340,  are  found  to  correspond  to 
a  coune  of  37°,  and  a  departure  of  180.5 ;  and  in  the  latilude  column,  opposite  half 
the  meridional  difference  of  Isutude  154^  (the  neareat  to  which  is  154.1),  etanda  116.3 
in  the  departure  column,  which  doubled  ^ves  the  difference  of  longitude  333A 


Out  latitudtf  courte,  imd  d^iarlunj  given,  to  Jiad  the  dutanee,  d^trtnee  of  latitude,  out 
ihfftrtnee  of  iongittuU. 

A  ship  from  the  latitude  of  50°  10*  S.,  and  longitude  of  30°  E^  sails  E.  S.  E.  undl 
her  departure  is  160  miles ;  required  the  distance  sailed,  and  the  latitude  and  lon^ 
tude  ilk 

BY  PROJECTION. 

%aw  the  nieridian  ABC,  and  at  a  distance  from  it  equal  to  the  departure  160  mik^ 
draw  the  line  FD  parallel  to  ABC  ;  make  the  angle 
BAD  equal  to  the  course  6  points ;  draw  AD  to  cut 
FD  in  D ;  &om  D  let  fall  upon  AB  the  perpendicular 
DBi  then  will  AD  be  tlie  distance  173.2  miles,  Afi 
the  difference  of  latitude  G6J  milea;  hence  we  hare 
both  latitudes,  and  the  meridional  difference  of  lati> 

lude   104  miles;   make  the  line  AC  equal  thereto,       *''~Mffii^^ce  Itnaituit' 
■nd  draw  CC  perpendicular  to  AC,  meeting  AD 
continued  in  E  i  then  will  CE  be  the  difference  of  longitude  351.1  inilea. 

BY  LOGARITHMS. 
To  find  the  distance. 
As  the  rine  couree  6  points  ....    9il6S03 

k  to  the  departure  160 SJ!0412 

So  is  radius  8  points 10.00000 

To  the  distance  173i) g.23850 

To  find  the  difieience  of  latitude. 

As  radius  4  points 10.00000 

la  to  tlie  departure  160 !U)0413 

So  is  cotangent  course  6  points.    9.61722 
To  proper  diff.  of  laL  66^  miles    1.82134 


Latitude  in . . .  51    16  S.  Mer,  parts  3594 
Merid.  difference  of  latitude    104 

To  find  the  dif&rence  of  longitude. 

As  radius  4  points 10.00000 

Is  to  the  merid.  difT.  of  lat  104.  3.01703 
So  is  tangent  course  6  points  . .  10.38278 
Todiff.  ofbng.251=4°ll'E,   2.39981 

Lonf^tude  left 30  00  E. 

Longitude  in 34  11  E. 

BY  GUNTER. 

iBt.  Theextentfivm  the  courae  6  points,  to  radius  6  ptnnts^on  the  line  marked  S.K. 
will  reach  tram  the  departure  160,  to  the  dntance  173i^  on  the  line  of  numbers. 

2dly.  The  extent  fh>m  mdiua  4pointB,  to  the  complement  of  the  course  2  points,  aa 
the  line  marked  T.  IL,  will  reach  from  the  departure  160,  to  the  difference  of  latitude 
603,  on  the  line  of  numbets. 

3d1y.  The  ss-ne  extent  (from  the  radius  4  poinis  to  the  course  6  points  on  the  line 
marked  T.  R.'  will  reach  from  the  meridiona]  difference  of  latitude  104,  to  the 
difference  of  lun^tude  251,  on  the  line  of  numbers. 

BY  INSPECTION. 


As  m  Case  III.  Plane  Sailing,  find  the  coume  either 
Jepanure  in  its  column,  eoncsponding  to  which  '" 
»fktitui^    '-  ■^-' " ■        - 


Table  I.  or  Table  II.,  and  the 

nd  the  distnnce  and  difTereuca 

itude  in  theirretpective  columns;  in  the  same  table  find  the  meridional  diSerence 
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9f  hlimile,  in  the  latitude  column,  eorreeponding  to  whicli,  in  the  deparaire  column, 
will  be  found  the  difference  of  loDgiiude. 

Thus,  ovor  the  course  E.  8.  E.  or  6  points,  and  agiiinst  the  <Ieparture-160,  Btanda  tlie 
dJBtance  173  miles,  and  the  differeuce  of  latitude  (iU^  miles.  Agaui,in  the  aune  tnble, 
fiud  the  meridioneJ  cIi1Terenc«  uf  latitude  104,  in  the  latitude  column,  oppoeite  to  which, 
in  the  dejuuture  column,  Btands  the  ditlbreace  of  longitude  251.3  iui]e& 


One  latitude,  dtMbmce  iiaUd,  and  depaHvre  given,  to  J^nd  Ihe  caune,  difftrence  oflatUuiIt, 
and  difference  of  Umgtbuk. 

A  ship  in  the  latiiude  of  49°  :W  N^  and  the  longitude  of  85°  W,  mIIb  soiith-eaaieriy 
315  miles,  making  167  miles  departure ;  reijuired  the  course  steereii,  luid  the  latitude 
and  longitude  in. 

BY   PROJECTION. 

Draw  the  meridian  ABC,  nnd  ni 
and  niake  it  et|Uid  to  the  depnrtu 
an  exteut  eiiuul  to  the  dialiuice  ^la  mute  ui  your 
compaases,  and  one  foot  on  D,  as  a  centre,  describe 
an  ait;  to  cut  AB  in  A  ;  join  AD;  then  will  AB  be 
tlie  pro|ier  difference  of  latitude  135.4  milee,  and  the 
angle  BAD  will  he  the  course  Sff-SS/;  hence  we  have 
the  other  latituile,  and  tlie  meridional  difference  of 
latitude,  to  which  make  AC  eqital,  and  draw  CE 
pareliel  to  BD,  meeting  AD  produced  in  E ;  then  will 
CE  be  the  diStireiice  of  lonptude  350.4  miles. 


To  find  the  course. 

Aa  the  distance  215 

Isio  the  radius  90° 

So  is  (he  depuiure  167 


To  si 


sof  c< 


ie5rPS&.. 


BY   LOGARITHMS. 

To  find  the  dii^rence  of  latitude. 

An  radius  900 10.00000 

la  to  the  [listance  21S '2;i,mA 

So  is  cosine  coufse  50°  58- 9.711918 

To  difference  rf  latitude  135.4  .    2.131»!» 


To  find  the  difference  of  longitude. 

As  radius  45° 10.00000 

Istomerid.  difEoflaiitiideaOS.    ajJOT.W 

So  is  tangent  course  50^58' 10.09111 

To  difference  of  longitude  250.4   23^861 

Or  thus. 
As  pmper  diff.  of  latitude  laU    3.1^162 


Latitude  m  ...  47_I5  N.  Mer. parte  382.1 
Herid.  difierence  of  latitude   203 


Longimde  left 35=  00"  W, 

DlHciviice  of  longitude  250. .     4    10  E. 
Longitude  in 20  ■5C   *V 


2.i:)I62 
To  difference  oflongilude  250.4   2.3SI860 


BY   GUNTER. 

1«.  The  extent  fhnn  the  distance  2J.'>,  to  the  departare  167,  on  the  Kne  of  numbera, 
*!.'  reach  fhwn  tlie  radius  90°,  to  the  courae  50°  58',  on  the  line  of  sines. 

Billy.  The  extent  fk>m  tBdius  90°,  to  the  complement  of  the  course  39°  02',  on  tht; 
Ene  ofsinea,  will  reach  fixim  the  distance  215,  to  the  difference  of  latitude  135.4,  on 
(be  line  of  numbers. 

8dly.  The  extent  from  the  radius  45°,  to  the  cotuw  SC  Sff,  on  the  line  of  tan^ts, 
will  reach  from  the  meridional  difierence  of  hititude  203,  to  the  difference  of  longitude 
250.4,  on  the  line  of  numbers,  Or,  the  extent  from  the  proper  difference  of  laiitude 
I3.'.4,  to  the  departure  167,  will  reach  from  the  meridional  dificireiice  of  latitude  303. 
to  the  difference  of  lonicitude  250.4,  on  the  liue  of  nuinberB. 


8lt  MEaCATOR'S  SAILING. 

BY   IKSFECTION. 
Full)  thu  couree  and  difference  of  latitude,  aa  in  Case  V.  Plane  Sailing,  bj  BeekLiig 

in  Table  IJ,  lill  tiie  disiance  and  departure  ere  found  to  con'ssjiond  in  tlieir  lueoeclive 
colunuis,  adjoining  to  which,  in  the  column  of  latitude,  will  be  found  'he  truedinerence 
of  latitude,  which,  if  greater  than  the  departure,  the  courae  will  be  found  at  the  top . 
but  if  iesB,  the  course  will  be  found  at  the  botiom :  with  this  course  aeek  the  nieridloua. 
difference  of  latitude  in  the  latitude  column,  adjoining  to  which,  in  the  deptuture 
coluntu,  will  be  found  the  difference  of  longitude. 

Tlitia  the  distance  215,  and  the  departure  167,  are  found  to  correspond  to  a  course 
rf  about  51°,  and  a  difference  of  latitude  1M.3.  Find  in  ihia  lalile  one  hiilf  the 
meridional  diffunnce  of  latitude  101^,  oppoeii«  to  which,  in  the  departure  column, 
atandB  1S5.1 ;  this  doubled  givee  250J2,  for  the  djflerence  of  longitude,  nearly. 


Having  explained  the  method  of  calculating  iingie  courses  by  Middle  Latitude  and 
Mercato^  Sailing,  it  now  remains  to  explain  the  method  of  calculating  comiiound 
couriMS.  To  do  this,  you  must  construct  a  traverse  table,  and  find  tlie  differuiice  of 
latitude  and  di^parture  for  each  coiuee  and  distanc,  as  in  Treveise  Sailing,  and  from 
thence  the  whole  difference  of  latitude,  departure,  and  latitude  in ;  with  the  departure 
and  latitudes,  find  the  difference  of  longitude  and  lon^tude  ui,a8  in  Case  ll.of  Miildle 
Latitude  or  MercatoHs  Sailuig. 

This  method  is  exact  enough  for  working  any  single  day's  work  at  sea,  excejK  in 
high  latitudes,  where  it  will'be  a  little  erroneous  i  in  tiiis  cose  the  difference  of  longitude 
and  longitude  in,  may  lie  calculated  for  every  single  course  and  short  distance ;  but  in 
geiieiul  this  uicety  in  calculation  may  be  neglected. 

To  illuainilB  the  method  of  working  coiiipound  courses,  we  shall  here  wott  an 
example  by  Middle  I^tude  and  Hercator^  Saiiuig. 


EXAMPLE. 


A  ship  from  Cape  Henlopen,  in  the 
latitude  of  38°  VT  N^  longitude  75* 
y  Wt  sails  the  following  true  courses, 
viz,  E.  by  8.  20  miles,  E.  N.  E.  15 
miles,  S.  E.  36  milea,  south  16  milRs, 
W.  S.  W.  6  miles,  N.  W.  10  miles,  and 
east  30  miles;  required  her  latitude 
and  longitude. 

By  constructing  the  traverse  table 
with  these  courses  and  distances,  it 
^pcan  that  the  ^ip  han  made  27J 
miles  of  Bouiliing,  and  fH^  miles 
of  easting ;  and  by  subtracting  the 
southing  from  the  latitude  of  Caiie 
Uenlo|ien,  lliere  remains  the  latitude 
in  38°  19-  N. 


TRAVERSE  TABLE, 


DiS.oJl^. 

o^..\ 

N. 

S. 

E. 

W. 

E.  by  S. 
E.  N.  E. 

SO 

15 

13.9 

S.  E. 

2G 

18.4 

18.4 

South. 

16 

16.0 

e 

SJ 

5.5 

N.  W. 

10 

7.1 

7.1 

East. 

30 

30.0 

12J 

40.6 

81 .9 

12.6 

1S.8 

llitt 

Diff 

ofUt..275 

6S.3  Dep.      j 

By  inspection  of  Table  11.  it  appears  tiiai  the  difference  of  latitude  37.8,  and 
dejianure  61^.3,  correspond  to  a  course  of  68°  nearly,  and  a  distance  of  7S  miles;  and 
m  the  same  page  of  the  table,  opposite  to  the  meridional  difference  of  latitude,  found 
in  the  column  of  latitude,  stands  tlie  difference  of  longimde  89  miles  in  the  departure 
column;  this  beingsuhtiacted  from  the  longitude  of  Cape  Henlopen,  75°  5'  W„  leaTe« 
the  longitude  vi  VF  W  W.,  by  MercaloPs  Sailing.  Or,  with  tiie  midcle  latimdo 
38°  33'  to  39°,  as  a  course,  find  me  departure  69J],  in  the  latitude  column,  op])osiie  to 
which  is  89  in  the  distance  column,  which  is  the  difference  of  longitude  by  Middle 
Latitude  Sailing;  consequently  the  longimde  in  is  73°  W  W.,  as  al>ove. 

Thus  we  see  that  such  examples  are  performed  as  in  Traverse  Sailing,  and  Case  IL 
of  Mercator'a  or  Middle  Latitude  Sailing,  either  by  inspection,  as  above,  or  by  tlM 
scale  of  logarithms 

r^     ,.,  i.C'.OO^Ic 


Quest.  II 
i.  W.  by  S.  5 
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dUESTlONS  FOR  EXERCISEL 

^Kftum  I.  A  ship  in  the  latiiudeof  49°57'N.,iMii)  longitiicii  (jf  15  IT/ W.,iaili 
•ouili-weslerU  illilU  her  departure  b  789  mileB,  and  then,  by  obHervutiJn,  is  ill  tlia 
ktitude  of  39*30'  N.;  required  her  course,  distance,  and  lonuitude  id. 

^ruuw.    Course  S.  5r  05'  W,  dielanoe  1014  miles,  longitude  in  33°  X'  W. 

^  ■  '1  A  ship  in  the  latitude  of  42°  30'  N.,  and  longitude  of  56°  51'  W,  saiia 
i.  SSI  iiiileii;  the  latitude,  and  longitude  in,  are  required. 

-iiH.     latitude  m  34°  19"  N^  longitude  in  6S°  51'  W. 

Quett.  111.  A  Bhip  (mm  tlie  loliiude  of  4<)°  57'  N.,  and  loiigituile  of  .30°  Off  W^ 
Kits  S.  ;)9"  W.  till  aba  arrives  in  liie  latitude  of  45°  31'  N.  i  requu'ed  the  iliataiice  nui, 
and  longitude  in. 

^ns.     DMtuice  34SJi,  longitude  in  35°  'iV  W. 

t\tesL  IV.     A  ship  rroin  the  latitiiile  of  50°  K/S.,  and  longitude  of  30°  00' E.,  saih 
.  E.  unlit  her  departure  is  !)57  miles ;  required  the  distance  sailed,  and  the  latitutln 
and  longitude  in. 

Jhu.     DiUnnce  1036  miles,  latitude  in  5C°  46'  %,  longitude  in  56*°  5(/  b:. 
Quest.  V.     A  siiip  in  ilie  laiiiuile  of  4<J°  '^  N^  aud  the  loii)ritndu  of  '2.'>°  Off  W., 
sails  south-easterly  645  miles,  making  500  miles  depunur^ ;  lequired  tlie  eounw  steered, 
and  thK  lutiiude  and  longitude  in. 

Atu      Cuunie  S.  50°  tif  E.,  lautude  in  42°  4%'  N.,  longitude  in  1!2°  57'  W. 


Having  vone  throng  the  Decenary  problems  in  Mercator^  Siuluig,  we  Hliall  now 
show  liuw  Mercator'a  Cliart  iiiay  be  cuuMiucied  by  iiuaiuij  of  the  Tabic  uf  Aloriilionsl 
Pana. 

To  eottslruct  a  Mercator's  Chart  to  commcnre  at  the  equator. 

Sii|i|ioee  it  WHS  required  to  construct  the  Chan  in  tlie  I'lale  prefixed  to  this  work, 
wliii-ti  lm|[ins  at  (he  equator,  and  reaclim  tu  the  |HrHllel  of  50  degrees,  and  I'oniains  US 
detfTiKH  of  longitude  we«t  from  t)ie  inertiliati  of  Gnienr/icli. 

Dnin'  ihe  line  AD  representing  ihe  equator;  tlien  take  from  any  sralo  of  rijuiil  jions 
tlie  nmiilier  of  minutes  coiitatnttd  in  !)5  degrcis,  viz.  5700,  svhicli  wl  off  from  A  to  D ; 
subiliviili?  this  line  into  !t5  e<|iial  parlM,  n^presenting  itegi-iH^s  of  lungiludu.  1'lii'ougli  A 
and  D  draw  tlie  luies  AB,  DC,  perpoiulicular  to  AD,  and  make  each  of  tlinm  ei|ual  to 
3474,  which  are  the  meridional  jmrts,  eorres|K>ndinglo  50  degrees.  Join  KG,  wliieh 
must  be  sulMtivided  in  t}ie  mine  manner  as  the  line  AD ;  and  Ilmiugli  Ilie  rnrri'i^ponil- 
ilig  points  of  tlie  lines  AD,  ItC,  must  be  drawn  (at  the  ilixtuiict:  of  10°  ur  30°)  tlii- 


panillul  t<i  AB,  represiiiitiug  meridians  of  the  earth  ;  tlieae  lines  inuHl  lie  nimilx-ri'd 
10,  30,  Slc„  beginning  at  tlie  tine  All,  which  n^m>»ents  the  merntiaii  of  Uri'diwir 
Set  off  in  like  manner  upon  the  meridians  AB,  I)C  (iHgiiiuiiig  from  the  i.iiuatnr  AD), 


ridiiinat  [inrts  enrresiionding  to  each  dcgri^e  of  latitude  from  0°  to  50° ;  and 
tlirougti  tlie  correH|M)itditig  iKiinia  (at  the  distance  of  10°  or  '•20°)  draw  limw  jiiimllel  to 
the  eijuator  AD,  to  repmwnl  the  parallfls  of  latitude.  Then  the  uiiiier  imrr  uf  the 
chajrt  will  represent  the  uonh,  ilie  lower  the  south,  the  right  hand  the  I'asi,  tuid  the  lell 
banu  the  west  (which  is  gener-dly  supjiosed  in  charts,  unless  the  contrary  is  expressly 
tDentioned). 

If  ttie  chart  does  not  commence  at  the  equator,  hut  Is  to  serve  tor  a  certain  poriioD 
of  the  globe  contained  between  two  parallels  of  liiiituile  on  the  name  sidi!  of  the  cigita- 
tor,  ^-oii  must  draw  tlie  meridians  as  directed  in  (he  last  example ;  tlii-n  snbtmrt  the 
mendional  (larts  of  the  least  latitude  of  the  chart  from  tlie  meridinnal  |iarts  of  the  other 
htitudt-H,  and  set  ofl*  these  tliflerences  un  tlie  extrenie  iiieridiuns;  diaw  lines  ilirougk 
the  corres|>unding  points,  ami  tliey  will  lie  the  (mndlels  of  latitude  on  tlie  chart. 

If  (lie  i-liert  is  to  be  bounded  by  imrallele  of  latitude  on  different  sides  of  tbei!i|iiatur, 
you  miiKt  ilraw  a  line  re|ire»enling  (he  equator,  and  peqiendiciitar  to  it  draw  the  lines 
to  n:presi!iit  the  meri  lian^,  continuing  them  on  both  sides  of  the  equator ;  diL-n  set  of] 
the  |ir  attels  of  latitude  on  both  Hides  of  tlie  equator,  in  the  sante  manner  as  in  the  first 
exatr  ^le. 

Take  from  the  Table  of  Latitudes  and  Longitudes  of  places  the  latitude  and  longitude 
of  ea(;h  inmicular  place  contained  within  the  Iminds  of  the  ctuul,  an<l  lay  a  rule  over 
Its  latitude,  and  anotlier  crossing  tliat  over  its  longitude  ;  die  point  where  tnese  meet 
will  represent  llie  pru|>ased  place  upon  tlie  chart.  The  moin  remarluible  point  of  a  sea- 
coast  lieing  thus  laid  doivn,  lines  may  be  drswii  fniin  point  to  point,  wliieli  will  tbrm 
tlie  outlines  of  the  sea-colst,  islands,  &c.;  to  which  may  be  annexed  the  deuths  of  water 
expressed  in  common  Anbian  number^  the  time  of  high  water  on  tlie  full  and  change 

J __gj  jjj  Roman  numbers,  the  aetting  of  the  tid --.•>--   i 

e  amy  be  thought  oouvenient  for  the  chart  K 
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Tliia  chart  ia  not  to  be  rxnaidered  as  a  juM  repreaeDtalion  of  the  eait'i'a  suilkcc,  for 
the  figiirea  of  isUuidB  and  coiiiiirits  are  diHiuned  towanla  the  poles,  ex  is  eviduiit  from 
the  coiiinruction ;  but  the  degntes  of  lutitude  and  longitude  are  increased  in  the  aune 
projiortion,  eo  that  the  benringe  between  places  will  be  the  enine  on  the  clmn  ae  ou  the 
globe ;  and  as  the  meridians  are  right  uneti,  it  followa,  that  tlie  rhuni.M,  whirh  fonn 
equal  uiixles  with  the  meridians,  will  be  atraight  lines,  whi:"li  render  this  projci'liuu  ot 
ttie  eortli  a  surface  much  more  easy  and  proper  for  the  marineHs  use  than  any  other. 

Hoeing  the  latiludt  and  longitude  of  a  skip  or  place,  to  find  the  corresponding 
point  on  the  chart. 

KOLE.  -  Iiay  a  ruler  across  the  chart  in  the  eiven  parallel  of  latitude  ;  take  in  Tout 
corn|>aa8««  the  nearest  dimance  between  the  given  longitude  aiid  tliR  nearest  nieridian 
drawn  across  the  chart ;  put  one  foot  of  the  compasses  in  the  uoint  of  intersection  of 
the  nller  and  meridian,  and  extend  the  other  along  the  edge  of  the  niler  on  the  aalliB 
Bide  of  the  inm-Jdian  as  the  j)iace  lies,  and  tliui  point  will  represent  the  pfcun;  of  tlie  ship, 

If  the  longitude  on  the  riiarl  l>e  counted  from  a  different  muriiliiu)  ftnm  that  you 
reckon  from,  you  must  redut'e  tiie  givitn  longitude  to  tlie  longitude  of  ttie  chart,  by 
adding  or  siilitnu;ling  the  diflerence  of  longitude  of  those  meriiliHns,  and  then  murk  off 
tJie  ship's  place,  as  before  directed.  Or  you  may  draw  a  ttieriilian  line  diroiigh  the 
plar«  y<iu  reckon  your  longitude  from  ;  then  measure  oil'  the  Bhi|iV  longituile  on  the 
equator,  antl  apply  it  to  the  edge  of  the  ruler  fVom  this  meridian,  and  you  will  obtain 
the  shiji's  place. 

To  find  the  bearing  of  any  place  from  the  ship. 
RtiLF.  Lay  a  ruler  across  tiie  given  place  and  the  iilace  of  the  sliip  ;  set  one  fboc 
of  the  comiHuaes  in  the  centre  of  some  couipaw  n6ar  the  ruler,  and  uike  'Jie  nearefl 
distance  to  die  edge  of  the  nder ;  elide  one  Toot  of  tlie  coiii|iBSBe>i  along  ihni  edge, 
kee] ling  tlie  other  extended  to  the  gretitest  distance  from  the  ruler,  and  oliscrve  wliat 
point  of  tlie  compass  it  comes  nearest  to,  for  tliut  will  be  the  lieuring  requli-ed. 

To  find  the  distance  of  any  place  from  the  ship. 

RtiLR.  Take  the  distance  between  the  ship  and  the  given  ptiii-e  in  yoiu-  coni|>nBMS, 
Niil  ajiply  it  to  the  side  of  the  chart  or  grailuated  meridian,  siMting  one  foul  us  much 
aliove  one  place  as  the  other  is  below  tlie  oilier  place;  tlie  number  of  degrees  between 
tlie  |Miints  of  the  compasses  will  be  the  dlstnnce  nearly. 

When  llie  places  bear  north  aiiil  south  uf  each  other,  tliis  rule  is  accurate;  but  when 
llicy  liear  iiiuirly  east  and  west,  and  thi;  distance  ia  large,  it  will  err  conoid erul)ly ;  but 
in  general  it  is  exact  enough  for  coiumon  purposes;  if  greater  accuracy  Is  reipiired.  it 
is  liesi  to  find  the  ilistance  by  calculation. 

If  any  one  wishes  to  estimate  the  distance  accurately  by  the  chart,  he  must  )>roceed 
ill  tiie  following  manner: — 

I.  If  the  place  be  in  llie  same  longitude  ifaot  the  ship  is  in,  tlieii  tlie  preceding  rule 


jt  lie  olitained  without  calculating  it  hy  Case  L  of  Parallel  Snilln^. 

3.  If  the  place  be  neither  in  the  same  latitude,  nor  in  the  same  loiigtiude  as  the  shipL 
the  dlHtiince  must  be  found  in  the  following  manner: — Lay  a  ruler  over  both  placei^aiid 
draw  through  one  of  them  a  |iamllet  to  the  equator ;  take  the  Jiffi-rence  of  luliliide 
U'lwecn  both  i>lHce«  in  your  comiNisses  Itoiii  the  equator ;  slide  one  foot  on  that  iiar- 
ellid,  keeping  tlie  otiier  extended  so  dial  both  iioliitit  shall  lie  on  tlie  same  iiiert<lian, 
and  note  tlie  point  of  the  ruler  which  is  toucheii  by  the  other  foot  of  liie  comiiHSseB ; 
take  the  dintaiicc  from  this  |K>lnt  to  the  given  place  tliruu)^  which  the  parallel  was 
drawn,  and  apjily  it  to  the  equator,  and  you  will  have  tlie  sought  ilistauce. 

The  hcuriiig  and  distance  of  any  two  plucoa  fb>m  each  other  may  be  found  in  the 
Kine  manner  as  the  bearing  and  distance  of  any  place  from  tlie  ship. 

EXAMPLE. 

Required  the  bearing  and  distance  between  the  ease  end  of  Long  Island  and  the 
north  jiart  of  Bermudas. 

A  ruler  being  laid  over  both  places,  as  dirccte<l  in  the  preceding^  rule,  it  will  lie 
(bund  to  lie  parallel  to  the  N.  W.  by  N,  and  9.  E.  by  S,  line ;  and  ihe  diKtaiice  between 
the  two  places  being  taken  in  the  conqiasses,  bikI  applied  to  the  graduated  meridian, 
will  measure  aliout  16  legreea  or  600  miles  ;  therefore  liieae  nloccs  bear  fh>m  each 
other  N.  W.  by  N  and  S.  E.  by  S.,  and  tlieir  distance  ia  (300  mUea.  nearly. 


PROBLEMS  USEFUL   IN  NAVIGATION  AND 
SURVEYING. 


PROBLEM  L 
g  ntong  thore,  }  tme  a  cape  of  land  htarme^f.fif.  E^  ami  after  laQinff  ff.  JV.  f^ 
iO  miia,  if  bore  J\r.  E.  b^  E. ;  nquirtd  the  tUttante  qf  iht  ihip  fntm  the  cape  at  boUi 


By  PROJECTION. 
Describe  the  commn  CSW,  and  let  its  centre  A 
rppreaeiit  the  (iltu-e  of  the  Mhip  at  the  firet  Htatioii ;  .draw 
the  W.  N.  W.  line  AB  equal  to  20  idiIuk,  aiid  B  will 
reiweseiit  the  Heroiid  Matun.  Draw  ilie  N.  S.  E.  line 
AG,  of  an  iiuleliiiite  kogth,  and  the  htie  ItC  |Hirallel  to 
llje  N.  R.  bv  E.  line  of  tlie  coiii|>aB8;  llm  |H>iiit  of 
intersw^tioii  C  will  represent  tli«  plure  of  the  cajie;  aiul 
tlie  ili>4uii>-i'  ItCJieiiiir  iiuwntriMl,  will  be  fouud  Sijiiulus; 
aiKl  AC  3U  iiiUai. 


BY  LOGARITHMS,  (bv  Case  I.  or  OBintui  TniaortonrrRi.) 

The  differonce  Iwtween  N.  N.  E.  and  W.  N.  W.  ii  8  points  or  90°,  tl.firofore  BAC 

ii  a  riglit  angle ;  also  the  difference  between  tiie-  N.  E.  )>y  E.  and  N.  N.  E.  is  3  )>oiiilB, 

equal  ui  the  Hnjile  ACB  j  anil  tlie  <lifferejir*^  lurtween  ttie  N.  E.  by  E.  jwiut  and  the 

pmnt  opiMMitc  to  W.  N.  W.  is  ff  pointa,  equal  lo  tlie  angle  ABC. 


To  find  the  dimance  BC. 
As  sine  angle  ACB  3  ptB.  Ar.  Co.  OS^SHi 

Id  to  the  dimnnce  AR  20 1.^0108 

8o  ht  Bine  ungle  BAC  8  |)oiiits. .  10,00000 
To  the  distance  BC  3&D 1.5»i!» 


To  find  the  distance  AC. 
As  sine  ACB  3  [toinlH  . . .  Ar.  Co.  Oa.VlXi 

la  tu  the  di«nnce  AB  20 IJ»loa 

So  16  sine  angle  ABC  5  poims  . .  J).!tiy85 
To  the  distance  AC  2yia U76I4 


The  alK> 


<  sohaii 


"fl- 


by  Case  I.  Ohlique  Trigonometry,  though  they  miicht  have 
tliiH  exQinnle,  by  Caae  II.  of  Riglit-aiigled  Trigonotuetry,  because  die 

Lie  BAC  'v  a  riglit  angle. 
I'  the  iH'arinpi  of  tiie  miilille  point  C  of  an  island  (or  anv  reinarkniile  |)i;uk)  be 
detennitied  in  tliia  manner,  we  tiiay,  at  thi;  siiine  time,  tinil  tlie linilt  of  the  diine""-""" 
of  the  wlaiid,  by  nieamiring  with  a  qiinilmiit  or  sextant, 
hdd  in  a  horixiitilal  (HMitioii,  the  angular  ilietaiices  lielween 
liiai  niiddle  point  anil  the  extremes  of  the  island.     For  hy 
drawing  the  lines  ADE,  AOF,  making  the  angles  DAG, 
Q.\C,  with  AC,  equal  to  the  angular  ilistnnces  uiuervnl  at 
A,  an<l  hi  the  same  manner  by  drawing  tlie  tinea  BDO, 
BEF,  making  angles  with  BC  equal  to  the  angular  ilistaiicea 
oIjwyvihI  at  B,  you  would  olitaui  the  quiulHlHteral  figure 
DEFO,  within  which  the  island  is  to  be  plni-fiil.     If  siinilar 
ulieenrations  could  be  prociireil  at  H,  they  would  in  genera] 
take  off  the  comets  at  D  and  F ;   and  oboervations  at  I 

would  generally  take  off  the  comers  at  E  and  O ;  and  h*     B  I  •* 

oboerving  the  projecting  points  and  coves  in  the   island, 

while  sailing  round  it,  and  drawing  a  figure  conformable  thereto,  within  the  tiinitiiiR 
•fiMe  thus  found,  the  fonn  and  di^nsions  of  the  island  uisy  \t^  nbiaiiW  io  a  ooiiM- 
enble  degree  of  accuracy. 
13 


90  FBUBLEMS  USEFUL  IN  NAVIGATION  AND  SURVUTINO. 

FKOULEM  It 

btufc  (it  •eo,  we  laie  too  litadiandt,  vhon  btarmg  fnm  m\t  another  by  the  chart  MM 
H .  by  A*,  and  E.  by  S^  ami  the  dUhmx  15  naia ;  the  toettenuaoti  bore  Jrom  uj 
&  S.  K%  and  Ihe  etuUnunogl  S.  E.  by  E. :  namred  ovr  dtitanct  from  tack  (ff  lAeak 

BY   PROJKCTION, 
Draw  the  corapon  NESW,  and  tiirough  the  centre  A,  drew  tlie   £.  by  S.  lina 
AR,  Uie  S.  8.  W.  line  AB,  wd  the  B.  E.  by  E.  ^ 

line  AC,  and  contuiue  the  two  latter  iiideti- 
nitely ;  upon  the  Tonner,  Ait,  take  AD  equal 
to  IS  miles;  iJirou^h  D  draw  DC  nerallet  » 
AB,  to  inuet  AC  lU  C,  and  draw  Clt  ixirallei 
to  AD.  Tlien  A  will  l>e  the  plBta  wLere  the 
heBiltuiids  B  and  C  were  oliserved ;  and  tlie 
dinance  AB  of  the  weetemmon  heailtajid, 
beiiiK  ineuttured,  ia  TouimI  to  be  53  milea,  mul 
the  diotance  AC  of  ibe  eaMemmaat  heailtand 
15  milea. 

BT  LOGARITHMS. 
Between  the  S.  S.  W,  line  AB,  and  the  S,  E.  by  E.  line  AC,  are  7  iKiinm^iingle 
BAC;  and  l)ctwcen  the  S.  E.  by  E.  line  AC,  and  the  EL  by  S.  Iimp  AD,  iirr- S  |)nints  = 
enple  CAD  — angle  ACB  (be^Ause  AD,  HC,  are  iHtmllel);  therefore  ACB  +  BAC  =  9 
pouita ;  and  Hince  all  tliree  angles  ACB,  BAC,  ABC,  are  equal  i>i  Hi  |ioiiitii,  the  an^ 
ABC  is  nlso  pqiml  to  7  points ;  therefore  [by  ^r1.  3H.  Geometry)  tli«  wiiltw  AC,  OB,  are 
equal,  being  o|i|Mwlte  to  die  equal  aiiglea  ABC,  BAC.  If  tlieec  imgliit  IihiI  not  b«'en 
equal,  tiie  aide  AC  might  have  been  calculated  in  ilie  aonie  manner  as  we  oliall  now 
ealcutate  the  aide  AB. 

To  litid  the  side  AB. 

Aa  nine  BAC  7  (winlB Anlh.  Comp.  0.00S43 

IxtoBC  15  miles 1.I7(HJ9 

So  is  sine  ACB  Si  points 9,5tf-iH4 

ToAB5£5 0.7tF7:W 

tindinR  the  dintuice  of  a  ship  irntn  any 


PROBLEM  IIL 

Two  shipt  tan  from  the  tame  port ;  the  Rrit  taili  ^.  E.  i  E.  16  miles ;  tht  ntcond.  talk 
eatteHy  W  nnttt.  and  then  Jauit  thai  Oa  firnt  beart  A".  JV.  ff. :  rrqnirrd  the  courMe  <if 
the  gecoad  ildp,  and  the  diHance  betwten  Ou  too  shipM. 

BT  FROJECTION. 
Draw  the  compass  ESW,  and  let  its  c^itra  A  repreaeot  the  port  sailtKl  fhini 
draw  the  N.  EL  j  E.  line  AB  eifual  to  16  iiiiltni ;  also 
tliniiigh  It,  the  line  RC,  partdk!  to  the  N.  N.  W.  line, 
and  foiitiiiiie  it  indeliniiely ;  take  a  dinance  repre- 
•enting  20  iifiliv  in  yoiu-  comjiafiees,  and  puttiitg  one 
fbol  in  A,  ilescrilie  with  the  other  an  arc  cutting  the 
line  BC  in  C,  and  join  AC.  Then  B  will  be  tlie 
"  place  of  the  firflt  ship,  C  that  of  the  aecoiid,  anil  AC 
the  c^oiirse  BKered  by  the  tncotid  ship,  which  will 
be  neiirlv  F..  S.  E.  ik  E.,  and  BC  the  diatoiice  of  tlie 
■hi|»  17  i  milea. 

BY  LOGARITHMS. 
The  course  ftom  B  to  C  is  8.  S.  E.  (otiiHxiie  to  N.  N.  W.),  rikI  from  B  to  A  « 
S.  W.  i  W.  (opiMiBile  to  N.  E,  i  E.);  the  iliRerence  between  thcfse  l>eBrin(^  is 
&)  i.->intH,  eqnul  to  73°  7',  equal  to  the  angle  ABC;  having  this  anele  and  the  sides 
AB,  AC,  we  may  find  the  otiiei  angles  ai«.  side  by  Cases  IL  oud  IIL  of  Oblique 
Tiigonoiueu^,  aa  follows- — 


PSOBL.EHS  USEFUL  IN  NAVIGATION  AND  SURVEnNG. 


01 


To  find  the  ai^  C. 

Ab  the  side  AC  30  milea 1^108- 

Ib  to  sine  ABC  73"  7' 9.96087 

So  H  side  Afi  16  milea 1.H0412 

11.18499 

Subtract 1J0103 

TonneundeC     4g°57' 9J8 

ForN.N.W.,addaa  30  

Sum  is  N.  73°S7'  W.,  the  bearing 
of  A  firoin  C ;  whence  the  coune  of  the 
■hip  from  A  towards  C,  is  S.  78°  27'  E,  or 
E.  a  E.  li  £.,  oearly. 


To  find  the  dtetance  of  the  ships  BC. 

Add  the  Bade  C = 49°  57',  to  the  angle 
B  73"  7',  we  obtain  the  sum  ViSP  V ; 
Bubtracting  this  fitim  180°,  kuvca  the 
au^e  CAB  56°  56". 

As  sine  angle  ABC  73=  7',  Ar.  Co.  0.01913 

la  to  the  Bide  AC  SO  miles 1.^103 

So  is  sine  CAB  56°  56' 9<maR 

TotheadeBC  17Ji  miles 1.34343 


PROBLEM  IV. 

Two  «Ufw  Katjhm  Ot  tanu  port,  tiie  mit  JV,  }r.30maa,md  IKe  other  JV.  K  bg  Jiif. 
40  miUt ;  required  the  bearing  and  dittance  of  the  Mk^  fivm  taeh  other. 


BY  PROJECTION. 
Draw  the  compas  NESW,  and  let  ita  centre  A 
repreeent  the  port  sailed  from ;  draw  the  N.  W.  line  AB 
equal  to  30  miles,  aiid  the  N.  E.  bv  N.  hne  AC  equal 
to  40  miles ;  join  BC,  which  will  Le  the  bearing  and 
distance  uf  the  two  ehius  ;  whence  the  bearing  will  be 
found  to  be  W.  S.  W.  i  W.,  and  the  distance  45.1  miles, 
DeBrl^. 


BT  LOGARITHMS,  (bt  Ciibi  IV.  V.  or  Obli((ub  TaiaoRoHETRT.) 
BetweO)  the  N.  W.  lim  AB,  and  the  N.  E.  hy  N.  line  AC,  there  are  7  uniiits,  equal 


1°  is  50°  37i',  equal  to  Italf  sum  of  the 


To  find  the  angles  B,  C. 

Af  iumafABiadAC70..A[.Ca.Log.    8.15490 

Ixoilieirdiflcnacs  10 1  OOOOO 

80  i*  langcDi  hBlrnim  angln  a>°37j'..  10»8aaa 
TolangcDihidfdig.  ofMgiei   9  aaj..   9Svm 

Sum  i«  uiele  B 60  30 

DiHcreiKe  19  angle  C 40  45 


To  find  the  distance  BC. 

dell 


60"  SO'Ar.CcLog.  OiKXOO 

40         I.60K16 

78   46 9,99167 


To  the  angle  C,  equal  lo  40°  45',  add  the  an^e  representing  the  course  from  C  to  A, 
equal  to  X^  45*,  the  sum  is  74°  30',  which  is  the  bearing  of  B  from  C,  namelj, 
a  74°  W  W,  or  W.  S.  W.  i  W,  neariy. 


PROBLEM  V. 
TiBo  port*  btar  Jnm  each  other  E.  In  A",  and  f^.  bjf  &,  dittance  400  mSe* :  a  ship  from 
the  eastemmott  taiU  northerly  450.7  mifet ;  another  from  the  uulerTimMt  fotll  3w  auUt, 
and  meets  thefirtl  :  required  the  ctturte  lUered  by  McA  tJ^p.  | 

BY  PROJECTION. 
Draw  the  compass  ESW,  and  let  the  centre  B 
represent  the  weBtemmost  port ;  draw  the  E.  by  N. 
tine  BD  equcJ  to  400  mjlea,  and  D  will  be  the  eaatem- 
most  port ;  mth  300  in  your  compasses,  and  one  foot 
in  B,  describe  an  arc ;  with  450.7  in  your  companet^ 
and  one  foot  in  D,  describe  another  arc,  cutting  the 
former  in  C  ;  join  DC,  BC.  Then  BC  will  be  the 
course  sailed  by  the  weetemmost  ship,  and  DC  the 
muive  seiled  by  the  eastenunost  ship. 


DOt^lc 


PKUBLEHB  USEFUL  IN   NAVIQATION   AND   BURVETfHG. 

BY   LOGARITHMS.  , 

To  find  the  angle  CQD. 


By  Tlieorem  IV,  Trigonometr;. 
DiTide  ibe  triangle  BCD  bio  iwo  rif^l-anglsd 
lrisiuEl»  hy  meani  of  tba  panKsdiculir  CA,  kud 
ULiKlHDiiitti  then 

A>  ihe  hue  Bl>  400 Ar.  Co.  Leg.  T.39T9i 

!•  10  Ihe  Hum  of  BC,  CD 730.7....  2.a7M7 

Soil  JIITeieuceorBC.CD...  1W.7....  t.17811 


Then,  in  the  1 
iihypoicnuw  IK:300., 


By  TbtMifun  V.  Trigonometry. 
CD  =  «M.7 

BD>.«n  ..Ar.Co.  Log.  7J9794 
BC  =  300    ..  Ai.  Co.  Log.  7.MS8a 

Sum IIS0.7 

Hairium G79.3S Lof.  17S993 

Hair  lum  l«u  CD  IH.GS Log.  a.0!>a69 

San 8)19.7764* 

Hiiraui..  99'1I' CofiDC  9.e8Stt 

1  

To  find  the  angle  CDU. 

A1CD4A0.7 AnilLComp.  7,^1611 

■     D  lin*  CBinB"  4* y.!IH15S 

ia  BC300 S.tTTU 


Ab  Ui«  angle  CBD  is  78°  44',  (»-  7  paints  Deu4y,  and  the  course  fh>rn  B  to  D  is  £. 

JNt  (he  coiinw  froin  B  to  C  mum  be  north,    "the  roiirse  from  D  to  B  Ixiiig  W.  by 
or  W.  11°  IS*  S.,  and  the  angle  BDC  equal  to  40°  45',  the  bearing  of  C  fiom  D 
liifflbeW  ayaff  N,becauie4CP45'  — ll''15'  =  39°30' 


PEOBLEM   VI. 


OxuHne  along  ihort,  at  tau  luo  headlandi ;  the  fir^  hon  fitm  vt  jV.  E.,  Oa  tecima 
E.  M  E. ;  o/Icr  foSing  E.  by  &  10  rnHet,  the  firtt  bore  J^.  by  E^  tmd  the  itamd 
A^  E.  by  J>f.:  nqmrtd  IA«  btaiag  oj  tht  tuo  headlaniU  Jrom  eaeh  other,  and  that 
dittanu, 

BT   PROJECTION. 
Draw  the  compas  NESW,  and  let  its  centre  A  represent  the  place  of  the  ship 

at  the  liriA  statbn ;  draw  the  E.  by  S.  line 

AB  equal  to  10  mites,  and  B  will  be  the 

place  of  the  ship  at  the  second  station ; 

draw  tbe  N.  E.  line  AC,  and  the  E.  N.  E. 

line  AD ;   Tliroiigh   the  point  B  draw  the 

lines  ItC,  BO,  parallel  to  the  N.  hy  E.  and 

N.  E.  Iiy  N.  lines,  and  the  points  C  and  D, 

where  lliey  intersect  the  lines  drawn  from 

A  to  the  some  headlauda,  will  be  the  points 

reprfsenring   them    respoetively ;   join   the 

pointK  C  and  D;   then  will   CD  be  tbe 

diiflance  of  the  two  headlands,  and  a  line 

'Irawn  through  A  parallel  to  CD  wilt  repre- 
sent the  bearing  of  those  ptacea  frotn  each 

■Kher  on  the  compan.  a 

BT   LOOAIHTHMS. 
In  the  triangle  ABC,  wo  have  all  the  angles  and  the  side  AB  to  find  BC  j  Ibr  tbe 

bearings  of  B  and  0  from  A  are  E.  by  S.,  and  N.  E,  the  difference  being  5  points, 

equal  to  BAC;  and  the  bearings  of  B  and  A  from  C  are  8.  by  W.,  and  8.  W.,  the 

dinerenne  beicig  3  points,  equal  to  the  angle  ACB, 

To  find  the  side  BC. 

As  sine  of  ACB  3  poinia Arith.  Comp.  OSSSSR 

Is  to  the  side  AB  10 IJMOOO 

So  is  sine  angle  BAC  5  pomta 9.9I»85 

ToBC14a7 "iJTsii 

In  the  triangle  ABD,  we  have  all  the  angles  and  the  side  AB  to  find  BU :  ftr  tlie 
Itoaiiiigs  of  B  and  A  fivm  D  are  S.  W.  by  S.,  and  W.  a  W,  tbe  difference  beb| 


PtofiLEHS  USEFUL   IN   NAVIGATION   AND   SURVETING. 


the  aneie 
1)  =  AB  = 


triangle  CBD,  we  have  BD  =  10,  EC  =:  US7,  and  tlie  mile 
;  for  the  bearings  of  C  and  D  from  B  are  N.  by  B^  and  N.  EL  by  N^ 


3  BAD;  therefore  the 
angle  BAD  =  BDA,  and  (by  Jbt.  39,  Geometry)  RD  =  Afi  =  10  mik«.  Il'  iheMi 
an^eH  bad  not  been  ttqual,  we  might  have  calculated  the  side  BD  in  the  some  iiianiier 

CBDz!         _    ,  .  „  ..  _      _  , 

difleriog  3  iniDts,  or  22°  SO* ;  hence  we  may  find  the  other  angles  and  akie  CD 

Case  IV.  of  Oblique  TrigoD(»metry. 


To  find  the  angles  BCD,  BDC. 

Ai>umorBC,BD,»Ln,Ahlh.Ci>mp.    a.eOUB 

lilotheirdilfertace   4^ 0.69636 

SaictanK.taalf>uniap.u>g<e*7e°45'..  lO.TOlM 
To  tamtoi  half  dig,  of  anglM  46  1 .  ■  I0.00CB8 
Sum  il  anile  BDC  =  l!3  46 

DiBerenee  ii  iingic  BCD  =  33  M,  or  Msri^ 
3  pDinis ;  and  as  (he  beariue  of  B  froni  C  v 
B.  by  VV.,  Ibe  bearinir  of  I>  frDm  C  niul  b« 
8. 8.  E. 


To  find  the  (Uaianee  CD. 


PROBLEM  VIL 

TU  btanwi  ivmi  dutaaeti  Iff  Iknt  pmiOt  ^  Utnd^  fL,R,C,}teing  rixm,  topMgr  1^  the 
horiumlm  tatgla  ADC,  CDK,  meiuurtd  in  a  bord  placrd  ovtr  a  thoal  al  tlic  jioint  D ', 
rojuirtd  lU  btaring  and  dutanet  qflKe  ihoaljrom  miy  one  of  the  poinif  A,  i),  C. 

BT   PROJECTION. 

The  »iim  of  the  two  angles  ADC,  CDB,  is  equd  tu  the  »nfHe  ADlt.  Mfiko  the 
anpli-B  BAF,  ABF,  each  equal  lo  the  comjitement  of  the  angle  ADB,  aiid  draw  the  liiiea 
AV,  l(F,  wl.ich  will  im«r»ect 
eadi  other  In  tlie  |M>inl  P.  Ui>od 
.  F,  as  a  ccuire,  with  the  radius 
FA,  eqiiid  to  FB,  iIcmtiIw  the 
rin-le  AF.I1D.  Then  any  [mint 
D,  of  tliis  rhviiiiifrreiii^e  ABB, 
may  lie  taken  hh  the  vertex  of  a 
triniigk-,  wliotw  Iwi*  in  AB,  form- 
ing an  auf^le  ADR,  which  will 
KHtisfv  lilt  condition  of  being 
oquaf  to  the  sum  of  the  nieaa- 
nred  anpl.«  ADC,  COB.  In  the 
HUiie  manner  we  may  find  the 
centrr  G,  of  a  circle  BCD,  whoae 
circumference  will  contaiu  the 
vertex  D,  of  the  triansle  DOB, 
forming  an  angle  M  the  vertex 
equal  to  the  meaaured  EUif;le 
CDB.  The  point  of  tnteraeclioD 
of  'hese  :wo  circles  is  the  place 

of  he  shoal  at  D;  whence  we  eaaily  obtain  the  distances  AD,  BD,  CD;  also  th« 
bearings  of  the  shoal  fi«m  the  pobta  A,  B,  C.  Continue  the  line  DC  to  inwt  the 
circle  ADB  in  E. 

BY   LOGARITHMS. 

We  hare  the  bearings  and  dislBiicee  of  the  points  A,  R,  C,  given  from  the  mnp,  or 
by  previous  observetiona,  bo  that  all  paita  of  the  triangle  ABC  are  Itnown.  In  the 
triangle  AEB,  we  have  the  angle  EAB  equal  to  the  observed  angle  CDll  (.^W.  41 
Geometry),  alao  angle  EBA  equal  to  the  oheerved  angle  CDA;  the  sum  of  these  two 
angles  subtracted  ntim  180°,  leavea  the  remaining  an^e  AEB  of  the  triangle  AEB 
oence  we  have  all  the  angles,  and  the  base  AB  of  this  triangle,  to  find  AE,  b^  Case  I.  of 
Oblique  Trigonometry.  In  the  triangle  AEC,  we  have  AE  Ijy  the  preceding  cnlcula- 
Uon,  and  AC  6om  the  map,  also  the  angle  EAC  =  CAB  +  EAB  =  CAB  4- EDB; 
w  limt  we  have  tbe  two  aides  AE,  AC,  and  the  included  angle  EAC,  to  find  the  angls 
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ACEthfCaoe  IV.  ofUbliqueTrigonometij;  thempplein'q]torth>ian|^e  iathe  vahu 
of  the  Angle  ACD;  addbg  thit  angle  to  the  otwervM  angle  CDA,  and  subtnciinr  ih« 
sum  from  180°,  we  get  the  ande  CAD.  Then  in  the  triongte  CAD  we  have  all  the 
aiigleH,BU(t  tlie  tiiile  AC,  to  find  CD, AD,  by  Csae  LofOblique  Trigononietry.  In  like 
manner  we  may  fiud  BD,  in  the  triangle  CBD. 

EXAMPLE. 
S(ippi«e  we  have  given,  by  l)ie  map,  AB  =  3900  feat,  BC  =:  1330  feet,  AC  =  1990 
feet,  angle  BACzzI^  34- ;  aba,  by  observation,  CDB.;^EAB=a5",  CDA=iEBA=a8»  i 
required  ACD,  CAD,  AD,  CD,  BD. 


To  find  AE,  m  the  triangle  AEB. 


AEB=.   137  .Arith  Corap.  Sine  OXISTU 

AB    .-3S00 Log,  3J051fl 

AE    kI831  ...; Log.  3.37441 


To  find  AEC,  ACE,  in  the  triangle  ABC. 


j(AEC+ACE)=  71    18 
in  AEC=»  7fi   SJ 
zeACE^IX   19;  Ibe 
■ngle  ACE  il  nqaal 


CAD> 


.   fB    19 


To  find  AD,  CD,  in  the  trian^  ACD. 


Ai    CDABt8°....A 

iilo  AC    =  1990 

SoSiACDk  II3B3I'., 


.  .gii.e  93GS34 

..Log.  3.6e!«e 


Ai    CDA-= 
UloAC     =!»».,.. 
Soi<CAD  =  38=«9'... 
To    CD    *BtSSt 


To  find  BD,  in  the  triang.^  BAD. 


ADB> 
loAB   = 

liBAD. 


fil   03  ADB-aS3°00 

■.Si"....  Arilli.  Comp.  Bine  0.0976S 

saw Iab.  soosu 

iSI^  03' Sine  9.89061 


ThiH  method  txrcomes  defective  when  the  points  F,  O,  approach  vety  near  to  each 
other;  to  avoid  thia,  we  must  be  careRit  not  to  take  for  the  utace  of  omervatioR  anv 
point  which  apuroachea  near  to  the  circumference  of  a  circle  which  paBsea  tlvoiiri) 
the  observed  points  A,  C,  B ;  Ivecause  a  very  amall  error  in  the  observed  an^es  might 
tben  produce  a  very  great  error  in  the  rveiilt,  or  place  of  the  observer.  Care  must  also 
he  taken  to  have  both  the  angles  observed  at  the  same  point,  without  allowitig  the  boot 
10  drift,  ui  which  the  observations  are  made. 


PROBLEM  VIIL 

16  /ottoin*  from  ffa  MUm  of  a  totcer,  I/oimd  iU  oUthtA  above  Ou  horiamtal  Hut 
iftTOm/i«iii^^t«Ml5''10';  nqiirtdAetitvalimiaboMtitaiuu. 


BY   PBOJECTIOM. 


Draw  the  horizontal  line  AB  equal  to 
tl6  fathraiM,  and  perpendicular  thereto,  the 
line  BC;  make  the  an^e  BAC  equal  to 
15°  Iff,  and  draw  AC  to  cut  BC  in  C ; 
tben  wilt  BC  be  the  heigh'  of  tlie  tower, 
Watbonu. 


■  r--TTsrr ifc* 


,:cdbvG00g[c 
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BY   LOGARITHMS. 

An  rarfiuB  ftP laOOOOO 

U  lo  [lie  ili8tBur«   AB  96  fatlioins WSfiir 

So  is  uingeDt  angle  A  15°  KK 9.43308 

To  the  height  B?  36.0  fothoma 1^1535 


When  an  object,  whose  elevation  above  the  horizon  is  to  be  ijetenriined,  is  at  a  very 
^roat  itixtiuice,  it  will  be  neceaesry  to  notice  the  correction  arising  Iroin  the  Riirvutura 
of  tlie  enrtli  nn<l  the  retraction,  and  apply  thai  correction  to  the  lieight  eittiiiuilud  by 
the  above  iiiethod-  Thus,  if  the  angular  elevation  of  a  mountain  \vbuae  baac  waa 
more  Uii^lanl  than  tbc  limit  of  the  vlmble  horizon,  was  obaerved  by  an  iiutrunieni  of 
reflexion,  the  a|i|iroxiinate  height  muet  first  be  obtained,  u  in  the  prece<tiii^  bxainpie, 
au<l  tlien  the  correction  of  that  approximate  height  for  the  curvature  ol  the  Kurth, 
refraction,  anil  dip,  niun  be  calculated  by  the  Ibljowing  -ule,  and  added  to  that  lielglit' 
the  sum  will  be  tlie  true  height  above  the  level  of  the  sea. 

Rdle.  Find  in  Table  X.  the  oumber  of  miles  corresponding  to  the  height  of  the 
observer  above  the  level  of  the  sea,  and  take  the  difference  between  that  niiinlier  and 
the  distance  of  the  mountain  from  the  observer  in  itamte  miles ;  witli  that  difference 
enter  the  mme  table,  and  find  the  height  in  feet  correaponding,  which  will  be  tl>e 
correction  to  he  added  to  the  approxiiiiale  height  to  obtain  the  true  height  of  the 


above  the  level  of  the  aea. 


s  33  statute  miles  (or 

18  feet  d 


As  radius Log.  10.00000 

Is  to  distance  168!M)0 Log.    5.2^779 

So  is  elevation  1"  3" Tang.   8:i5C,lG 


Difference 36.39 

Correaponding  Corr.  Table  X.  . . . .  3Ueft. 
Sum 3446  is  the  true  height  above  the  level  of  the  sea. 


PROBLEM  IX. 

I Amretd  the  tdHtuikof  tiieUyp  of  a  tmeer  above  Iht  levd  »and  on  Iht  tta-skare  lo  be  5S"; 
tttn,  measuTvt^  dirteUj/  from  it  98  yardi,  ilt  eUvalion  waa  found  to  be  44° :  requirta 
the  height  of  the  tmoer. 


Let  AB  represent  the  height  of  the  tower,  C  the 
first  station,  and  D  the  second ;  then  we  have  the 
angle  ACB  equal  to  59°,  the  angle  ADB  equal  to 
44',  the  angle  DAC  =  59°  —  4*"  =  15°. 


To  fiiid  the  file  AC. 

As  DAC  IS' Sine  a41300 

law   DC   98 Log.  159123 

So  is  ADC  44^ Sue  9.84177 


To  find  the  height  AB. 

As  redius Log.  10.00000 

Is  to  AC  263.0* ..Log.    2.42000 

So  13   ACB   59° Sine    R93307 


To  AC  a63J) Log.  &43000  j  To  AB  22^5 Log.  3.3530 

•'ntlof.  AC,  brill*  pmndiiiiopnAiB  inafcudisli«U9gW4initabtt>lMk5ntki  kniirMt. 


90  PROBLEMS  USEFUL  IN  NAVIGATION  AND  SURVEYING. 

PROBLEM  X. 

By  obternation,  I  found  tte  aiigk  t(f  devntion  of  a  monument,  at  one  fkUtm,  to  be  SI" 
and  tht  horramtal  at^itt  at  thU  itation,  bttieeea  the  bate  ^  Oit  monamaU  and  Iht 
tKond  italion,  teat  79^;  the  horizontal  angU,  at  the  itcond  ttatum,  bttieeen  tAa  hast 
and  Um  Jirtt  ttatiort,  u>at  (B° ;  the  lUtltaice  beltoem  the  two  Haiiont  being  139  yardt . 

rtijtartd  tiu  h^hi  of  the  moivmimL  . 


Let  AD  represent  the  monumeDt,  C  the  (Int 
eiBtioQ,  B  the  second ;  theo  the  vertical  angle  DCA 
k  li]°;  and  the  horizontal  anriee  BCD  equal  to 
79°,  CBD  equal  to  «J°  ■   the   lum  of   these  two 


To  find  the  aide  CD. 

As  BDC  aP SiDe9.J94ai 

1b  to  BC   139 Log.  2.14301 

So  is  CBD  69° Sine  9.97015 

ia.1  I31A 

9.73421 

To  CD  244.9 2.38895 


To  find  the  height  AD. 

As  radius Log.  10.00000 

U  to  CD  2445* Log.    i3fW5 

So  is  ACD  21= Tang.    9.58418 

To  AD  94 I»g.    Ii)7313 


SiriftJig-  tojAu  an  Ai  fared,  /  duanend  a  ligkl-kmue  Just  mneonW  hi  tte  horizon,  my  an 
bting eUvattd 20/ui  abom  lAtMa;  Uu  nqtartdloJaUtht  lOtanet oftkt  lifiU-&uit:, 
supponng  il  to  be  debated 'iOOfiet  abovt  tkt  turfaaqf  Ou  tea. 

The  solution  of  this  problem  depends  on  the  uniform  curvature  of  the  sea,  by  means 
of  which  nil  terrestrial  oiyects  disappearat  certain  distances  from  the  olj«er\'er.  Thew 
<listaiic«s  i.iny  be  computed  by  means  of  Table  X^  in  which  die  elevation  in  feel  is 
given  m  one  roliunn,  and  the  distance  at  wliich  it  is  visible  b  exjinwaod  iu  statute 
iinltM  jii  the  otlier  c/ilumn.  If  the  place  from  which  you  view  the  olqecl  be  elevated 
above  the  hori/on,  you  must  add  logelhtr  the  dislaneet  corrupondinr  to  the  hxiirhl  of  Ote 
obKner  and  Uu  he>f:ht  ^Ihe  object ;  the  sum  will  be  the  greiliest  diSance  at  which  that 
object  IS  visilile  from  the  oleerver;  this  process  b.^ii)g similar  to  that  in  Pnild.ni  VIIL 

'     'a»^"F^'"  ^^"'f'^'''*'  ^^^^^  "*"'''*  observer  waa20  fBe^and  tlie  height  of  the 

III  Table  X.  opposite  30  feet  is    5J«  miles. 
200  feel     ia71 

Distance 84.63  statute  miles,  of  about  69j  to  a  degree;  tha 

distance  in  nautical  leagues,  of  3D  to  a  degree,  being  ^>out  7. 

PROBLEM  Xn. 

A  mm,  being  on  the  nmn-top-gaOant-mait  of  a  man-of-Kor,  200 /eel  oftotw  the  iBofcr.  utt 

aim  ^mtkip  she  had  engaged  the  dia  ie/bre,  Auti  to;   hou  far  mere  those  akiju 

diHanlfrom  each  other  f  ■>  r 

A  ship  of  100  gims,  or  a  fir«-rate  man-of-war,  is  about  60  feet  from  the  keel  to  tbs 
rails,  from  which  deduct  about  30,  leaves  40  for  the  heidit  of  her  quarter-*ieck  above 
water.     Now,  a  ship  is  seen  hull  to  when  her  upper  woReh  just  appear 
In  Table  X.  opposite  300  feet  stand  18.71 
40  feel  BJ!7 


7.08  miles. 


lhft«th(liit,afWU 
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PROBLEM  Xin. 
f^on  Ktmg  fhe  JtraK  of  a  gun,  I  cotmied  30  tKonds,  by  a  mdek,  be/art  I  heard  the 
retort ;  hint  far  tnu  that  gvnjyom  me,  tuppoting  that  found  moPM  at  the  rale  iff  H49 
/Mi  per  second  f 

The  velocity  of  tifcht  ia  so  great,  th&t  the  seeing  of  any  act  done,  even  at  the  dixtance 
of  a  number  of  miles,  ih  iiiHtimlBDcouB ;  but,  by  obeervation,  it  is  found  that  souiiil 
moTesatthe  nite  of  1142*fe«t|)er  necond,  or  about  one  Htatule  mite  in  4.6  geconila  ■ 
coiisequcDCly  tlie  nuiribcr  of  seconds  elapsed  between  seeing  the  flash  imd  hearing  the 
report  being  divided  by  4.6,  will  give  the  dimance  in  statute  niileii.  In  the  (ireMcnt 
exunijile,  the  diatauce  was  about  Gi  iiiike,  becuuse  30  divided  by  4i>  gives  6i  nearly. 

PROBLEM  XIV. 
To  ^rtd  the  difftrenee  beliceen  Ua  true  and  apparent  dtreeH/nu  of  the  wind- 
Suppose  that  a  ship  moves  in  the  direction  CB  from  C  to  B,  while  the  A 

witid  moves  in  ita  true  direction  from  A  to  B ;  die  effect  on  tlie  ship  will 
be  the  Banie  as  if  she  Iw  at  rest,  and  the  wind  blow  in  the  direction 
AC  with  a  velocity  represented  by  AC  ;  the  veloci^  of  the  ship  being 
r^resenied  by  BC.  In  this  case,  l|je  angle  BAC  will  repr^ent  the 
dinenince  between  the  true  and  the  apparent  directions  of  the  wind ;  the 
apparent  being  more  ahead  than  the  true,  and  the  faster  the  ve«e1  goes, 
the  more  ahead  the  wuid  will  appear  to  be.  We  must,  however,  except 
the  case  where  the  wind  is  directly  aft,  in  which  cose  the  direction  is  nut 

It  is  owing  to  the  difference  between  the  true  and  apparent  directions  of  tne  vtiod, 
that  it  appears  to  shift  its  direction  by  tacking  ship  ;  EUid  if  the  difTereniAe  of  the  direc- 
tions be  obBi;rved  when  on  different  boards  (the  wind  on  both  tacks  l>eiiig  Biip|HMeil 
to  remain  conniaut,  anii  the  vessel  to  have  the  same  velocity  and  to  snii  at  the  same 
distance  from  the  wind),  the  half  difference  will  be  enrnil  to  the  angle  KAC.  By 
knowing  this,  together  with  the  velocity  of  the  ship  BC,  and  the  angle  BCA,  we  may 
obtain  the  true  velocity  of  the  wind  ;  oi\  by  knowinj;  the  velocity  of  the  wind  and  of 
[lis  ship,  awl  the  apiMrent  direction  of^  the  witul,  we  may  calcidale  the  ditfi^rence 
between  the  true  and  the  apparent  directions  of  the  wind. 

Thus,  if  the  velocity  of  a  ship  represented  by  ItC  be  7  miles  |ier  hour,  that  of  the 
wiod  re]iret«ente<l  by  AB  37  miles  j>er  hour,  and  the  angle  of  the  vessel's  couree  will, 
the  «p|mreut  direction  of  the  wind  BCA  eqtia!  to  7i  points ;  the  ditfereuce  between  - 
the  true  and  apiMrent  directions  of  the  win<l  will  be  obtained  by  drawing  the  line 
BC  equal  to  7  mites,  taken  from  any  scale  of  equalportB,  and  making  the  angle  BCA 
equal  to  7i  points ;  then,  with  an  extent  equal  to  V(i  miles,  taken  from  the  scale,  and 
ivith  one  foot  in  B,  describe  an  arc  to  cut  the  line  AC  in  A ;  join  AB ;  tlien  the  angle 
BAC,  being  measured,  will  be  the  required  difference  between  the  true  and  ap|ian;nt 
directions  of  the  wind. 

BT   LOGARITHMS. 

As  AB  27  miles Arith.  Comp.  Log.  8,We6l 

Is  to  BCA  7i  points Log.  Sine  9il9790     - 

So  is   BC   7  miles Log.  0.84510 

To  BAC  14°  ST' Log.  Sine  9.4HG4 

So  that,  in  this  cam,  the  difference  between  tlie  true  and  apparent  directions  of  tlie 
wind  is  alwul  IJ  pouits;  and,  by  tacking  ship  and  Niliingon  the  other  l>oard,  as  above 
mentioned,  tlie  wind  wiU  ap]>ear  to  change  its  direciions  above  3^  points. 

PROBLEM    XV. 

To  meaeure  Ih*  height  of  a  mountain  bv  means  of  the  ktighti  of  hco  baronieterg,  ti!:en  at 
the  top  and  bottom  of  the  mountain. 
Procure  two  barometers,  with  a  thermometer  attached  to  each  of  them,  in  on'er  to 
asrenaiR  the  teiri)ierature  of  itie  mercury  in  the  iiarometera,  and  two  other  ilieniinrne- 
leia,  of  ttie  iwnic  kind,  to  ascertain  the  tempcnitiirt!  of  the  air.  Then  one  ol>sorver  at 
ilie  top  of  tlie  mountain,  and  another  at  the  bottom,  must  observe,  at  the  sajne  time, 

■  Till  niaclty  of  Mwnd  u  31°  PiIuailMlt  b  lun  fM  pei  kcodcI,  uhI  fdr  bobIi  nddiiloiii]  detm  of  Lni  tii 

■.«iniiihvikxiij>. 
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the  lieighls  of  the  barometen,  and  the  thennometen  attached  thereto,  and  the  hd^ita 
of  the  detached  themometen,  placed  m  the  open  au*,  but  sheltered  fiuia  t\e  sun. 
Havuig  takeD  these  obeerrationB,  the  height  of  the  upper  observer,  ahove  the  lower, 
mav  be  determiiied  t^  the  following  rule,  which  ia  adapted  to  a  scale  of  English  inchea 
ana  to  Fahrenheit's  thermometer : — 

Rule.  Take  the  difference  of  the  logarithms  of  the  obMerred  heights  of  the  baram- 
eteni  ut  the  two  stationa,  coosideriiig  the  fim  fbur  figures,  exclusive  of  the  index,  aa 
whole  iiuinbera,  the  remainder  ae  aecimab ;  to  this  diftbrence  must  be  applied  the 
produn  of  the  decimal  0.454,  bv  the  difference  of  the  altitudes  of  the  two  attached 
thennoiiieter^  by  suhtractir  .  if  the  thermometer  be  higjieat  at  the  lowest  station, 
otherwise  oddiiig:  the  sun  irdifTerence  will  be  the  approximate  heif^t  in  Eugliab 
fiiCt.Dins.  Multiply  this  bi  he  clecimal  0.00344,  and  by  the  difference  between  the 
mean  of  the  two  altitudes  the  detached  thermometers  and  32° ;  the  productwill  bea 
correciton,  to  be  added  to  jxe  approximate  height  when  the  mean  altitude  of  the  two 
detached  Ihemiometcrs  exceeds  33°,  otlierwitK  subtmcted ;  the  slim  or  difference  will 
be  the  true  height  of  the  uppef  above  the  lower  observer  in  English  fkthoma,  which, 
beiiig  multiplied  by  6,  will  tie  the  height  in  feeL 


t«qiitred  its  height  in  tatlioma. 

AaocXtd  Thtnumutv.  m^^^trr  Baromtttr. 

Jba.  at  lower  station  . 
upper  aiatian 


'  Difference... 17 


a!).l«  inches Log.  14734.6 

aSJffi Log.  IJ027.8 

Dil&repCB 696.8 

0.454  X  14 &4 


Approxunate  height 090^ 

e»cU  X  17  X  0;Oa244 ^£ 

Height  in  &ihoms .TlftO 
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MENSURATION.     ^^W** 


PROBLEM  I. 

To  Jtnd  tAe  ana  of  a  partdUlogram. 

Kaix.    MuUipIythe  base  tiy  the  perpendicular  height;  tlie  proiluctwill  belheueiL 

JVbfe.     If  both  (lirneTiHionii  ore  given  in  feet,  iticheo,  &i\,  the  product  will  be  ili« 

■wes,  expreeaed  in  sqiiari;  lect,  sqiirje  inches,  Au;^  rcBpeclively.     Tf  one  of  the  diiiieii' 

riouH  be  given  in  feet  ami  the  other  in  inches,  tlie  product  diviifeil  by  I?,  wilt  bi-  the 

BBBWer  in  square  feet.     If  Imth  dimeneiona  are  given  in  inches,  the  proiluri  will  lie 

•quure  iiicliee,  whicli,  lieing  divided  by  ]44,  will  ite  the  unawer  in  aquarc  feeL     Tbe 

Mune  ia  to  be  understood  iit  fiiiduig  the  are*  of  other  Hurfaces. 

Example  I.    Suppose  the  base  BC  of  the  rectangular  parallelogram       d  d 

ABCD  is  7  feet,  and  the  iteniendtcular  AB  3  feet ;  retiiiirad  the  area. 

The  product  of  tlie  base  7  feet  by  the  per|>endiculBr  3  feet  gives  the 
area  21  square  feet. 

Ekamplr  If.  Suppose  ABCD  is  a  boan)  whose  length  BC  is  22  feet,  and  brendth 
AB  is  14  inches ;  required  the  number  ofiiquare  feet. 

The  product  of  the  bB.te  22  feet  by  the  breadth  14  inches  ia  306 ;  this,  divided  by  IS, 
gives  253  square  feet,  the  sought  area. 

EsAMPLt  I1L  If  BC  he  25  inches,  and  AB  SO  inches,  required  the  area  in  squnre 
feeL 

The  product  of  the  base  25  inches  by  the  perpendicular  30  inchea  givM  500,  which, 
divided  by  144,  gives  the  area  3.47  or  3^^  square  feeu 

EiXmple  IV.  Given  the  hose  AD  of  the  oblique  angidor 
pamltelograin  ABCD,  equal  to  30  feet,  and  the  peqNmdiuular 
beight  KE  15  fent ;  required  the  area  of  the  unruiyt^^m. 

Miiliiply  the  tmee  30  feet  by  the  perpendicular  15  feetj 
the  product  450  is  the  area  in  square  fe«L  ^ 

PROBLEM   II. 

ToJbidOe  area  of  a  triangle. 

RtiLL  Mriltiply  the  base  by  half  the  perpendicular  height,  and  the  product  will  bo 
die  area  required.  _ 

ExLuehM.  Given  the  base  AC  30  feet,  and  the  perpetidicuUv 
BD  20  feet ;  required  the  area  of  the  triwgle. 

Tbe  base  30  multiplied  by  haU"  the  peii>endicular  10  gives 
dto  area  300  square  feeL 

PROBLEM   m. 

To  Jbid  lU  ana  of  any  r^viar  right-li»ed  JIgun. 
Ruix.  Reduce  the  figure  to  trian^ea,  by  dmwing  diagonals  therein ;  then  find  ths 
■mufeach  triangle,  and  the  sum  of  them  will  be  the  area  of  the  proposed  figure.  Oi 
aMeBd  of  finding  the  area  of  each  triaiigte  separately,  you  may  find,  at  one  operaiioo, 
me  area  of  two  triangles,  having  the  same  dioiioiuiL  by  multiulyins  tbe  diasoiuil  by 
balf  the  aiun  of  the  perpendiculaia  let  fall  tbereom 
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LiANPLE.    Jtaquired  the  area  of  the  figure  ABCDE,  in  which  GB 
BE  =  33  Feet,  anil  die  pen)eiLdicular  AF  =  13  feet,  BO  =  14 
feet,  and  DH  ^  12  feet. 

The  dioBonal  BE,  S3  feet,  multiplied  by  half  the  perpen- 
dicular AF,  6.5  feel,  gives  the  area  of  the  IrianEle  ABE,  143 
itqiiBre  feet ;  aiid  the  diagonal  CE,  33  feet,  mulaplied  hy  half 
iheHumDfthe  pemendiculani  BG,  DH,  13  feel,  gives  the  area 
of  the  fimire  BCDE,  42U  feet ;  this,  added  to  the  triangle 
ABE,  143  fuel,  gives  the  whole  area  572  aquare  feeL 

PROBLEM  IV. 
To  fold  the  ana  of  a  circle. 
Rule,    Multiply  the  square  of  the  diameter  of  the  urcle  by  the  quimtity  0.7854,  snd 
you  will  have  the  sought  area. 

Able.  Inatead  of  multi|ilyiiig  iy  0.7854,  you  may  muluply  by  11  and  divide  by  14 ; 
the  quotient  will  be  the  area  near^.  This  quantity,  0.7B54,  represente  the  area  of  a 
circle  whose  diameter  is  1 ;  the  circuiuference  of  the  same  circle  beiug  3.1416  aearly. 
The  proportion  of  die  diameter  to  the  circumference  is  expressed  in  whole  numbera 
by  the  rutio  of  7  to  SS  nearly,  or  mote  exactly  by  113  to  355.* 


ExAMPLK.  Required  the  area  of  a  circle  ABCD,  whose 
dinmeter  BD  is  10.6  feet 

The  diameter  laG  multiplied  by  itself  and  by  0.7854  gives 
tlie  sought  ai;fa,  88.247544  square  feeL 


PROBLEM    V. 


RtitJt.  Multiply  the  longest  diameter  hy  the  least,  and  the  product  by  0.7654 ;  tha 
last  product  will  be  the  area  required. 

Example.  Required  the  area  of  an  ellipsis  ABCD, 
whose  tougest  diameter  AC  is  12  leel,  and  the  shortest 
diameter  BD  10  feec 

The  firoductofchetwodianietera  is  13x10—130;  thia, 
muliiphed  by  0.7854,  ^ves  the  aougbt  area,  94J2480  square 
teeu 

The  area  of  a  sector  of  a  circle  may  be  fbnnd  by  means  of  the  whole  area  of  the 
rircle  olituined  in  Problem  IV.,  by  sb^r.  As  360  degrees  is  to  the  augle  conmined 
'■"'■"sen  die  two  le^  of  the  sector,  so  is  the  whole  area  of  the  circle  to  the  area  of  the 

There  are  various  regular  solids.  The  most  noted  are  the  following: — (1.)  A  Cuhtf 
whicJiisafieure  bounded  by  six  equal  squares.  (2.)  A  PinvOdt^nped,  which  is  a  solid 
rertuinaied  by  nx  auadrikkteni]  figures,  of  which  the  opposite  ones  are  equal  and 
immllel.  (3.)  A  Cylinder,  wliich  is  a  figure  formed  by  the  revolution  of  a  reclnngular 
jwrallclogram  alraut  one  of  its  sides.  (4.)  A  Pyramid,  which  is  a  solid  decreasing 
linidimlly  from  the  base  till  it  coines  to  a  point.  Theie  are  various  Icinds  of  pynunids, 
BCi^ording  to  the  figure  of  tlieir  bases.  Thus,  if  the  base  be  a  triangle,  the  solid  it 
called  a  triangvlar  pyramid ;  if  a  paralleloginn),  a  paruUdogramie  pyramid ;  and  if  a 
circl"!,  a  armlar  pyramid,  or  simply  a  cone.  The  point  in  whicli  the  pyramid  ends  is 
called  the  vertex,  and  a  tine  drawn  Irom  the  vertex  perpeitdicular  to  the  base  is  caller 
■he  height  of  the  pyramid. 

,1,3,  a,  are 


-Thiiniu 

[io.  and  Uw  itirec  lui  iho  fMI  lerm  of  Ihe  rajjo. 

HENSURATION.  101 

PROBLEM  VL 

To  find  Iht  tolidity  tff  a  cube. 

RoLK    Multiplying  the  length  of  s  side  of  the  culm  I>y  itself,  snd  tlv  piwluci 

bv  tlie  nine  lengui,  gives  tlie  solidity  re<tuired ;  which  will  bi:  expreiMed  ui  cubi.-  feel 

---•^  u  feet,  but  in  cubic  inches  if  the  diJwiuaioiia  bo  given  m 


Example.  If  the  edde  AB  of  the  culw  lie  a3  feet,  it  k 
nquired  to  deiemiine  the  Boliility. 

The  protluct  of  03  by  &.*)  is  XIGS ;  this,  multiplied  agniu  by 
&3,  gives  the  solidity  SSa047  cubic  feet 


PROBLEM  VII. 
7*0  find  the  lolidily  <(f  a  netanffnlar  patdUlopiprd. 
Rule.    Multiply  the  length,  bremlih,  and  depth,  into  each  otiier;  the  product  will 
be  the  solidity  required. 

EXAMPI.R. 

Suppnae,  in  the  psrallelopiped  ABCDFGKE, 
the  length  EF  ia  36  fee^  the  breadth  FG  16  feet, 
■ikI  the  depth  DF  13  feet ;  it  ia  lequired  to  fmd  the 
solidity. 

The  iinNluct  of  the  length  %  by  the  bretidth  16 
is  576  ;  tliia,  multiplied  by  the  depth  13;  gives  the 
•olidity  6913  cutnc  feet 

PROBLEM    Vin. 

To  find  ttc  toUdity  of  a  cgUnder, 

RvtK.    Multiply  the  square  of  the  diatnoter  of  the  boae  by  the  length,  and  ibii 

product  by  the  constant  quantity  0.7B54 ;  the  last  product  will  be  the  solidity  requireil. 

EsAUrhK.  Required  the  solidity  of  a  cylbder  AOHF, 
whose  length  DH.  ia  13  feel,  and  dianieEer  of  the  base 
AD  n  feet 

Tlie  diameter  II,  muhipHed  by  itself  and  In  the  length 
"7954,  gives  the 


,  gives  1573,  which,  being  multiplied  by  0;7eiS 
liJity  in  cubic  feet  1335.4342. 


^ 


mmmrmim!^ 


PROBLEM  IX. 

To  find  On  tolidihf  of  a  grindtUm*. 

GrindnoTift^  in  the  form  of  cylinders,  are  sold  by  the  tUmt  of  34  inches  diameter 
■lid  4  inches  thick.  The  number  of  atonea  that  any  one  contains,  may  be  obtained  by 
tlie  ftrilowing  rule. 

Rule.  Multiply  the  square  of  the  diameter  in  inches  by  the  thickneei  in  inches^ 
snd  divide  the  pnMuct  by  SS04,  and  you  will  hare  the  number  of  (tone*  required. 


B  grindsUKie  whose  diameter  ii 


Example.    Required  the  number  of  (toner  ii 
tnchea,  and  thickness  8  inches. 

The  si|itBre  of  the  diumeter  36  is  13%,  which,  being  multiplied  by  the  thir.knew  8 
gives  10368.    This,  divided  by  0304,  gives  4.5,  or  4}  stonec^  the  aolidity  required. 

This  problem  may  \»  solved  by  means  of  the  line  of  numbers  on  Gimter^  Scale,  in 
a  vny  expeditious  manner,  by  the  following  rule. 

Rule.  Extend  from  48  to  the  diameter;  that  extent,  tamed  over  twice  the  samt. 
way,  &om  the  thickness,  will  reach  to  the  number  of  stones  required. 

Thus,  in  the  preceding  example,  tlie  extent  from  46  to  the  diameter  36,  turned  over 
twice,  from  the  thickness  B,  will  reach  to  4.5,  or  4J.  which  is  the  number  of  stones 
SDUgfaL 
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PROBLEM    X. 

To  Jb)d  Iht  toliditif  of  atiji  pi/ram»d  or  eoae. 

RcLK.  Multipl7  the  area  of  the  base  by  one  third  of  tl  e  perpeo- 
dJcular  bright  of  dte  pyramid  or  cone;  the  product  will  be  tlM 
aolidit;  required. 

EiAMN-E  I.  If  the  pyninid  have  a  aquare  baae,  the  side  of 
which  is  4  feet,  and  the  perpendicular  height  6  feet,  it  is  required  to 
determine  the  soliditj. 

The  area  of  the  beae  is  4  X  4  :=  16  equere  feet;  this,  being  mul- 
tiplied 1^  one  third  of  the  lieight,  or  2  feet,  givea  ^  feet,  the  Botidit; 
required. 


ExAMPLK  n.  If  the  diameter  of  the  baae  of  a  cone  be  10.6  feet, 
wid  the  perpendicular  height  30  feet,  it  'm  required  to  find  the 
aolictity. 

The  area  ef  this  base  was  found  in  Problem  IV.  equal  to 
BB247544;  this,  multiplied  by  onetliird  of  the  height,  or  10  feet, 
givea  the  solidity  requured,  equal  to  683.47544  cubic  feeu 

Having  obtained,  by  the  foregoing  rules,  the  number  of  cubic  R«t 
in  any  body,  you  may  find  the  corresponding  number  of  tons  by 
dividioK  the  number  of  cubic  feet  bv  40,  which  is  the  number  of 
cubic  net  contained  m  one  ton.  Thus,  the  solidity  of  the  nlx>ve- 
tnenboned  cone,  883.47544,  bemg  divided  by  40,  gives  32.061886, 
which  ia  the  number  of  tana  in  tWC  cone 


izedbyGoOglC 


GAUGI>G. 


at' cubic  inches  by  the  Dumber  of  cubic  inches  in  a  gallon,  bushel,  Sic^  respectively. 

A  wine  gallon,  by  which  mow  liquora  are  raeoBured,  contains  231  cubr  "    '    - 
bter  gnUon,  by  which  beer,  ale,  and  a  few  other  liqimrv,  are  measured, 
cubic  inches.     A  btuhel  of  com,  niult,  &C.,  contains  2150.4  cubic  inches; 
is  subdivided  into  8  j^lons,  each  of  which  contains  268J4  cubic  inches. 

In  alt  the  foUomnff  rutest  it  wilt  be  ntppoHd  that  the  dimemiont  of  tht  boiii/  art  gv'«« 
M  incha,  and  ilecinml  parts  of  on  tncA. 

PROBLBM    I. 

Ta  find  lAe  mcoAtr  <^  gallant  or  hiahda  in  a  body  of  a  cubir.  form. 
Rule.     Din<le  the  ciihe  of  the  litlee  by  '£M,  the  i|Motienl  will  lie  tiie  niiHwei  i : 
wuie  gnlliiiui;  or  hv  Sd'i,  and  the  quolieni  will  lie  the  luiswer  in  beer  guiloiia;  ur  by 
3]<50.'J,  and  the  quotient  will  be  the  number  of  bushcla. 

EiANPLE.  Require  the  number  of  wine  gallons  coDtalned  in  a  cubic  cistern,  tb« 
tellKtli  of  whose  side  is  Gl  inulies. 

Multiplying  lij  by  itwlf,  and  the  product  agnin  by  61,  gives  the  solidity  S383S8 
whiclt,  being  divided  by  331,  gives  the  coutem  11X111  w<"e  ^kius. 


To  findlht  miatbir  of  fc<dloiu  or  bvthdi  eonlaintd  in  a  boiig  <iflhe/arm  a/  a  rtclangvlar 
paralUlopiptd.    (See  figure  of  Problem  VIl.  of  Metuxiration.) 


tenuiredlhsi 
(see  fig.  Proh.  VII.  of  Mentumtian)  of  the  fonu  of  a  pnnillelo 
is  m  inches,  its  breoilth  FG  :(5  inches,  and  its  depth  DF  24  ii 

Muhiplying  the  length  66  by  the  breailth  3A  gives  XJIO;  multiplying  this  by  the 
deiitli  !J4  gives  the  solidity  55440,  which,  being  divided  by  231,  gives  240  wine 

PROBLEM    III. 
To  Jind  tht  minder  of  galbmt  or  butheli  eoiUmwd  in  a  body  of  egliitdrieal  form. 


KuLE.  Multiply  the  sauare  of  the  diameter  by  the  height  of  the  cylinder,  and 
llvide  tl)e  iiroduct  by  3U4.13 ;  ih"  quotient  will  l>e  the  number  of  wine  gidlons.  If 
you  diviile  hy  350.05,  the  quotient  will  be  the  number  of  ale  gallons ;  and  if  you 


divide  by  STiB,  the  quotient  will  be  the  number  of  bushels. 

JVole.  These  divisors  an  fouDd  by  dividing  S31,  282,  sod  2150.4,  by  0.78.54 
ras)>«ctively. 

ExAMPLB.  Required  the  number  of  wine  gallons  contuned  in  the  cylinder  APHD 
[see  the  fig.  of  Problem  VIII.  of  Jfenturrrfum),  the  diameter  AD  of  its  base  being  &6 
inches,  and  length  DH  16  inches. 

The  diameter  26  multiplied  bt  itself  ^ea  676;  muhipljing  thii  by  the  lengdi  18 
gives  the  solidily  12168,  wbicti,  being  divided  by  394.13,  gives  the  answer  41  wid 
(sUoos  neaily. 


PROBLEM   rV. 

To  find  (Ac  nuin6«r  q/*  gaUont  or  htthtU  contained  in  a  bod)/  qf  llit  ^  or*.i  qf  a  pyrimaA 

or  rone.     (See  figures  of  Probtum  X.  of  MenraraKon.] 

KuLE.     Multi|ily  the  area  of  the  bade  of  the  jiyrcunid  or  cotie  by  one  ihini  uf  iu 

riur]H^Liiticiilar  liciuht;   the  [iroiluct,  ilivideil  liy  &11,  will  give  ihe  Biittwcr  in   wiiie 

KtloiiH  If  it  be  uiviileii  by  282,  tlie  qiiotitint  will  be  the  aui>il)er  of  iM!er  gallouij ;  or 
,  'ilSOA,  the  quotient  wiU  be  the  Dumber  of  bu^els. 

ExAHi'LE.  Reniiirect  the  number  of  beer  gallons  eiiniaini(l  in  a  iiyrnniii)  DEFGK 
|M)e  Hg.  PniK  X.  Kxainple  l.\  whose  Imse  iaaiviiiBre  EFGK,  u  side  of  whieli,  as  EF, 
H  euiiiil  to  %  inches,  and  the  [feriiKiiiliriilur  height  of  the  pyraitiiil  ia  {iO  inrhes. 

Tlie  sqiiiire  of  30  is  the  Hres  of  ilie  luuw;  900 ;  this,  beine  niulli|i1i':il  iiy  one  rhinl  of 
Uie  sltitiiilc  30,  i^vus  tlie  solidity  18000,  wliich,  btiing  ilivlifed  by  2tJ2,  gives  tbo  otiswer 
in  beer  gnlloiiB  Gi£. 

PROBLEM    V. 
?V)  find  Qu  numW  qf  galiont  or  buthtis  amttdntd  in  a  body  of  Ihr  form  uf  a  /ruttum 
^f  a  cont.    (See  the  figure  below.) 
Rui-K.     Multiply  tlie  top  and  timtoin  diameters  to^;ther,  and 
one  third  of  llie  square  of  ttte  diflerence  of  tlie  name  (Vuuneloni :  . 
the  iwriwhilicular  heij^t,  and  diviile  the  product  by  SaM.12  for 
for  iiJe  galloiuj,  or  by  2738  for  bushels. 

Example.  Given  Hie  diameter  CD  of  the  bottom  of  a 
fruidiMn  of  a  cone  36  inchen,  ilie  toii  diameter  AR  ^z  27 
incliex,  aiiil  the  perpendii-iilar  height  EF  50  inches ;  required 
the  contents  in  wine  gallons. 

The  product  of  tlie  two.  diameters,  Hfi  and  27,  is  B72 ;  their 
difTenince  is  9,  which,  being  8i|iiiinul  and  divided  by  3,  gives 
S7 ;  udiliiig  this  to  (VTS  gives  SKK),  wliich,  lieing  multiplied  by 
the  height  .W,  gives  the  solidity  4!KI50;  dividmg  this  by  39413 
givea  tlie  content  iu  wine  gallons  1(>9.8. 

PROBLEM  VI. 
To  gaugt  a  eatk, 

B  the  head  •linmeters,  AF,  CH,  and  mke  the 
'  I  the  diameter  RE  at  tlie  bung  (taking 
R  within  tlie  cash);  then  measure  the  length  of  tlie  cusk,  miiking  due 
allowHnce  for  the  thicknen  of  the  heads.  Having  ili(«e  diinensions,  you  may  eoicu- 
hkte  the  content,  in  galloiM  or  buahela,  by  the  following  rule: — 

Rule.  Tnke  the  diflereiice  between  tlie  head  and  bung  diameters ;  multijily  thU 
by  0.62,  and  add  the  pnxluct  to  the  heail  diameter;  the  sum  will  lie  the  meHiidiiuiietHr; 
inultiiily  the  square  of  tliis  by  rlie  length  of  the  caitk,  and  divide  the  product  by  394.13 
for  wine  gallons,  by  tiSOM  for  beer  gallons,  or  by  2rj8  for  bushels. 

The  qiiantitv  OjSi  is  generally  used  li^  gaugeni  in  finding  the  mean  diameter  of  a 
cask.  But  if  tlie  staves  are  nearly  straight,  it  will  be  more  ucrurate  to  take  0.55,  or 
less;'  if,  on  the  contnuy,  the  cask  is  fi  " 


1  the  qiianer,  it  will  be  best  lo  take  0:64 


Given  the  bung  diameter  EB  ^i  34.5  inehea,  the 
heaii  diameter  AF  =  CD  =  30.7Jncl1e^  and  tlie  len^h  59.3 
inehfv ;  required  the  number  of  wine  gallons  this  cask  will  hold. 
Tlie  difference  of  the  two  diameteiH,  .14.5  and  ;)0.7,  is  AB ;  this 
lieiitg  multiplied  by  0JS3,  gives  3.4  nearly,  to  be  added  to  the  head 
diameter  30.7  to  obtain  the  mean  diameter  33.1.  The  square  of 
33.1  is  1095.61;  multiplying  this  by  the  length  59.3,  gives  the 
solidity  649C9.C73 ;  dividing  this  by  12)4.12,  gives  the 

a  Problem  V.  preceding  (wf 


„  .  nleeniHl  u  llie  half  of  >  bogibead  wiU 

«(leciiy  siralKtil),  the  nuliipller  ia  onty  0.51.     For  Uiii,  being  muliijilied  by  9  (i]i«  diflerenee 
'"  -    ":i)|,  produrea  4.S9  at  4.G  iiesrly  ;  addLni  ihii  lo  37  gve^  31.6,  whose  iqiian,  bohu 
'     -  li*id«d  by  iiU.lS,  giva  170  g^lau  neuly. 


■Miilpllei'  by  SO,  and  Uw  i»u1ugi 


Mnk"  iriiirH:>  oii  iik  -wHle  ai  uiti  (hiliiu  1 7  15,  IHilft.  nnd  ."iSJJn.  witKrii  Hr«  Uie  wiiMUt] 
rools  of  3B4.1S,  35iJ.U3,  tuid  Z73A,  respectively.  A  bran  pin  ib  generally  lixed  on  Ihe 
callipere  ni  tmch  of  tliKSe  points,  which  are  called  tlie  gatigt  poitiis.  Having  prepAred 
Ihe  scale  in  iLis  niauner,  you  may  cajcutale  the  Duniber  of  gallons  or  busliels  by  tbe 
Allowing  rule : — 

ilDLE.  Extend  from  I  towards  the  left  hand  to  0.62  (or  less,  if  the  slaves  be  nearly 
tiaigfat] ;  that  extent  will  reach  from  the  difference  between  the  liead  and  bung 
diameters  to  a  niuiiber  to  the  left  hand,  which  La  to  be  added  to  the  head  diameter  to 
get  the  mean  diameter  j  then  nut  one  foot  of  tbe  com[HiiMes  upon  the  gauge  point 
(wliich  a  17.15  for  wine  gatloiiB,  18i>5  for  ale  galloDs,  and  .^.33  for  busbeht),  and 
eiteiul  the  other  lo  tlie  mean  <liameler;  ihin  extent,  turned  over  iwiue  the  same  way, 
from  the  Ibiigth  of  the  cask,  will  give  the  uuml)er  of  gallons  or  huBhets  reapectively. 

In  the  gireoeding  example,  the  extent  from  1  to  0.6S  will  reach  from  ^3  to  9.4  nearly, 
vrhicb,  being  Bclded  to  30,7,  gives  the  mean  diajiieter  33.1  ;  tlieii  the  extent  fn>tti  !he 
gauge  ptJini  17.15  lo  33.1,  being  turned  over  twice  from  the  length  59J),  will  reach  to 
220£  wine  f^loim. 

If  we  use  tlie  guni^  point  I&95,  the  answer  will  be  in  ale  gaUonit ;  and  if  wu  lue 
SSLSa,  the  aiitwer  wiU  be  is  iMubek 


izedbyGoOglC 


SURVEYING. 


LiND  is  Kpnerolly  measured  bj  a  chain  of  66  feet  in  length,  divided  into  100  «(|u  t, 
pans  called  lirUu,  each  link  being  7£S  inches. 

A  pole  or  rttd  is  I6j  feet,  or  !e  linlu^  in  length.  Hence  a  equtire  pole  oontaiiis  27JJ 
■qUHre  feel,  or  (SH  »quare  linlu. 

An  acre  uf  land  is  equal  to  160  square  pole^  and  therefbre  containa  43560  square 
feet,  or  100,000  square  links. 

To  Snd  the  nuinlfer  of  sauare  poles  in  any  piece  of  land,  you  may  take  the  dimen* 
rions  of  it  in  feet,  and  find  the  area  in  square  leei,  as  in  the  preceding  prnblenui ;  then 
divide  this  area  hy  43500,  and  the  quotient  wilt  be  the  nuiiilx-r  of  m-.n-ji ;  or  hy  2T2.2S, 
and  the  auotieui  will  be  the  number  of  sauaiv  poles.  If  the  dinietisions  be  tuken  in 
links,  and  die  area  be  found  in  square  linka,  you  may  olKoin  the  number  of  acres 
by  diridine  by  100000  (that  is,  by  craning  off  the  five  riKbt-hand  figures),  and  tlie 
number  of  square  poles  may  be  obtained  by  dividing  by  B&. 

PROBLHM  I. 

""o  Jmd  the  number  of  acn*  and  poles  in  a  piece  uf  hmd  in  thi.  form  q/*  a  redanffultB^ 

paralUlograni. 

Rule.     Multiply  the  base  by  the  perpendicular  height,  and  divide  by  ffiS  if  the 

dtmensions  be  taken   in  links,  or  by  272125  if  tliey  be  taken  in  ftH:t ;  [he  quotient  will 

be  the  number  of  jMleti.     Dividmg  this  by  160,  we  get  tho  number  of  acres. 

ExAHFLE.  Sup]>oBe  the  base  BC  (ssb  the  figure  of  Ex.  I,  Prob.  I.  of  Menauration) 
of  the  recionguler  parallelogram  ABCD  b  60  feet,  and  the  perpendicular  AB  25  feet 
required  the  area  in  poles. 

The  product  of  the  base  60  hy  the  perpendicular  25,  gives  the  ci 
feei;  and  by  dividiujf  it  hy  272J25,H      ■     ■      ■ 

PROBLEM  II. 

Ta^findiht  numhtr  of  aartt  and  paU»  in  a  pitce  of  land  in  Otefom  ofttmMvjtte-aarulm 

paralieUignaii.     (Sea  the  figure  of  Prob.  L  Ex.  IV.  of  Menttiraiion,] 

Rule.     This  area  may  be  found  b  exactly  the  same  manner  as  in  ilic  preceding 

CbleTn,  by  muhiplying  the  base  AD  b^  the  perpendicular  heifiht  BR,  Hnd  dividing 
S25  when  the  diniensiona  are  taken  in  links,  or  by  37il25  when  taken  in  feet;  the 
quotient  will  be  the  answer  in  pokM,  which,  being  divided  by  160,  will  give  the  answer 

Example.     Suppose  the  base  AD  is  633  links,  and  the  perpendicular  BE  336  llnksj 

Quired  the  number  of  |)olea. 
lultiply  the  base,  GSi  links,  by  the  perpendicular,  326  links ;  the  product  30603% 
divided  by  635,  gives  the  answer  in  poles  329.7. 

PROBLEM  ni. 

To  find  0\e  numier  of  aert*  and  poUi  in  a  pUee  qf  land  qf  a  Iriangvlar  form. 
Rule.     Multiply  the  Imse  by  the  jterpendicular  height,  and  divide  the  product  by 
J250  when  the  dimensions  are  fjiven  in  links,  or  by  544.5  when  they  are  given  in  feet ; 
the  quotient  will  be  the  answer  m  poleA. 

■  oir  the  four 


SURVEY  iiro. 


«  figure  of  Problem  II.  of  Mtnxtmiioii)  «qual  M 
50  feel ;  required  the  area  in  poiea. 


F.XAmn.%.    Given  the  hue  AC  (se 
JOO  feet,  «nd  the  perpendicular  BD  150  ft 

Multiply  the  base  300  by  the  perpendkulu  150;  the  product  45000,  divided  by 
544^  Kivw  the  anqver  in  polea  fSiJa. 


PROBLEM  IV. 

To  fold  Out  tuanber  q/*  otret  a^  poUi  in  a  pUte  qf  land  qf  oi 
fgurt. 

Rci-e.  Find  the  area,  as  in  Problem  III.  of  JHeiuuraftan,  1^  drafring  dia^nals,  and 
roduciiiK  the  figure  to  triangles;  the  baae  of'sach  Uriangle  being  multiplied  bj  the 
perpendicuku'  (or  by  the  ram  of  the  perpendiculon  falli^  on  it),  and  th«  sum  of  all 
theae  pnxiui:iB  divided  by  15150  when  the  dimenaione  an  given  in  liuka,  but  by  544..* 
when  ui  feet,  wilt  give  the  area  of  the  figure  in  poles. 

Example.  Suppoae  that  a  piece  of  land  is  of  the  Rune  form  oa  the  figure  in  Prob, 
III.  of  JtfnMimriwn,  and  that  BE-^  22  feet,  CE  —  33  feet,  AF  =  13  feet,  BG  =:  14 
feet,  and  DH  ^^  IS  feet;  it  is  required  to  find  the  area  in  poles. 

Ttie  product  of  BE  32  feet,  by  AF  13  feet,  ^vea  dout^  the  uian^e  ABE  386 
square  feet ;  and  the  diactmal  C£  33  feet,  mulliplted  by  the  aum  of  the  perpend iculara 
BG,  DH,  36  feet,  gives  double  the  figure  BCOE,  858  square  feet ;  die  sum  of  this  and 
286,  being  divided  by  544.5,  gives  the  area  3.1  or  3^^  polea. 


ToJbidOieeotdaUq/'aJUdbsett  TabU  i^  Difereaee  it/"  Latitude  and  Dtpttrlwrt. 

This  method  is  mmple,  and  much  more  accurate  than  by  projection,  the  boundariea 

being  stmisht  lines  whose  bearings  and  leD|[lha  are  known.     The  rule  for  niokiug 


tmigh 
dcuMt 


these  calculHtioiis  is  as  follows  :- 


RULE. 


1.  Begin  at  the  western  point  of  the  field,  as  at  the  point  A  in  the  figure  Prob.  III. 
of  Menruration,  for  a  point  of  departure;  and  mark  down,  in  succesajon,  the  bearings 
and  lengths  of  the  boundarv  lines  AB,  BC,  &«.,  as  courses  and  distances  In  a  troverea 
table.  Find  the  cofreaponding  differences  of  luilude  and  departure  by  Table  I.  or  IL 
(o.  t^  togBTithms),  and  enter  them  b  their  reapective  oolumns  N.  S.  E.  W.  aa  in  the 
adjoined  table. 


Crnirta. 

Ditl. 

N. 

B. 

E. 

W. 

Mtr. 
DUt. 

M. 

Artai. 

So«th 
Jre«. 

N. 580  E. 
E.    6   8. 
S,  17    W. 

.\.  439  K'  W. 

19. 

30. 

20, 

m. 

15.1 

10.1 
11.1 

m,l 

16.1 
19.9 

6.8 
20.0 
iOJt 

16.1 
36.0 
30.2 
10.2 
0.0 

16,1 
62,1 
66.3 
404 
10.3 

162.61 
11352 

109.41 

12<M.42 

0 

21.2 

sisi 

36.0 

36.0 

275  J3 

137353 
275J13 

H»lf; 

:098. 
549. 

3.  Find  the  departures  or  meridian  distances  of  the  points  B,  C,  &c.  titim  the  pomt 
K,  by  adding  the  departures  when  east,  but  BtibaBetin|t  when  weal,  and  mark  them 
respectively  against  the  bearings,  in  the  column  of  meridian  distance. 

3.  Place  in  the  first  line  of  the  column  M  the  first  meridian  distance  16.1,  and,  in  the 
thilnwing  lines,  the  sum  of  the  meridian  distance  which  stands  on  the  eanie  line  and 
that  immediate^  above  iL  Thus  on  the  second  line,  I  put  52.1,  which  is  equal  to  the 
sum  of  16.1  and  3&0.     On  the  third  line,  66J2  =i  3&0  4-  30Jt,  &c. 

4.  Multiply  the  numbers  in  the  column  M  by  the  differences  of  latitude  in  the  sanie 
horizontal  line,  and  place  the  product  in  the  column  of  areas  marked  north  or  south, 

,  according  as  the  difference  of  latitude  is  north  or  south.  Thus  hi  the  firet  numlier  in 
the  column  M  is  1G.1,  which,  being  muhiplied  by  the  corresponding  difference  latitude 
10.1  N.,  produces  the  north  an>«  163.61.  The  second  value  of  M  52.1,  multiplied  by 
the  second  difference  of  lotinuie  3.1  S.,  produces  the  south  area  109.41.  The  iliini 
rahiM  66,3  and  19.1  S   oroduce  the  south  area  1361.43.    The  (buith  difibvuca  of 


me 


BURVEllNU 


hlilude  ia  0,  which,  being  multiplied  by  the  fourth  meriilKiii  distuice  40A,  produces  0 
Ibr  ttie  coTTeH|iandtiig  area,  aa  is  the  case  whenever  the  betuiiig  I8  east  or  weui,  &c. 

5.  Add  lip  aJI  tlie  uortfa  and  all  the  south  areas;  half  their  difference  will  be  th( 
uea  of  the  neld  in  square  measures  of  the  asiDe  Dome  aa  ihooe  made  una  of  in  iiivaa- 
uriiig  the  tines,  whciher  feel,  links,  or  ch^s,  &c.  Thus  the  sfm  of  hI)  the  oorth 
areas  ii;  275.83,  that  of  the  south  137^^;  their  difference  is  1098,  half  of  which  la  54S 
■>qutu%  fuut,  tile  area  of  the  given  field. 

It  may  be  observed  that  the  bearings  and  lengths  uf  the  boundary  tinea  in  tliis 
example,  are  not  exacrly  the  same  as  those  in  ProUem  111.  of  Menturation,  wliicli  ia 
the  reason  of  the  difference  between  the  area  above  calculated  uiid  that  fuuiid  in 
Frol)(eiii  111.  by  diviiling  the  field  into  triangles. 

If  ii  lie  necessary,  the  dillerencM  of  latitude  and  departure  may  be  taken  to  one 
decimal  place  farther,  by  eiiieritig  the  table  with  ten  times  the  length  19,  20,  &c.,  and 
mkiiigone  tt-iith  of  the  correspondiugdiffeTencus  of  latitude  and  departun;. 

In  tlie  above  calculations  we  have  supjinsed  the  survey  to  have  l>een  made  with 
acciuacy,  in  which  case  the  sums  of  the  difTerences  of  latitude  in  the  ciiluiuns  N.  S. 
must  he  equal  to  each  other;  also  the  sums  of  the  departures  in  tlie  columns  E.  W. 
This  is  tlie  cuse  in  the  above  example,  where  the  uuni  of  the  diltcrences  of  latitude  is 
31J3,  and  ibe  sun)  of  the  departures  36J):  but  it  moat  frequently  happeuf  that  the 
numlaira  do  not  agree ;  iu  which  cose  the  work  must  be  carelully  exDniiiiuil,  and  if  no 
■nistuke  be  found,  and  the  error  be  great,  the  place  must  be  surveyed  again ;  but  il'  tl)B 
error  be  snudi,  it  ought  to  be  apportioued  among  all  the  differences  of  latitude  and 
de|ianure,  in  tiui;h  iimiuieras  to  produce  the  required  correction  with  the  least  poioiible 
thiuiges  in  the  given  niimliers.  The  method  of  doing  thiit  was  uxpluined  by  me  in 
the  foiirtli  nuiidier  of  die  Analyst,  in  answer  to  a  prize  qiiestion  of  Profttwor  Patterson, 
and  is  n*  follows : — Find  ilie  error  in  latitude,  or  the  difference  lietwei'n  the  Hums  of 
bjuthing  Olid  northing ;  also  the  sum  of  the  boundary  linea,  AB,  DC,  &c.  Then  my. 
As  this  sum  is  to  the  error  In  latitude,  bo  is  the  length  of  any  iHUiicutar  liouudury  to 
tlie  correction  of  the  correnponditlg  diiference  of  latitude,  additive  if  in  the  coliixiii 
whose  sum  ia  tlie  least,  otherwise  subtractive.  The  corrections  of  tlie  departure  Lre 
found  by  the  same  rule,  except  changing  difference  of  latitude  into  de|iariure.  Thua, 
in  the  uiljoiniid  example,  the  sum  of  the  boundary  tines  is  161.6,  the  error  of  latitude 
IB  0.10.  and  of  departure  0.06; 


Bering.. 

Laigtha 

N. 

S. 

E. 

W. 

CerrtcUi  ViUutt.          \ 

N. 

E, 

N. 

s. 

E, 

W. 

N. 45=  E. 

8.30  W. 

S.  r.   E. 

W. 

N.ao  E. 

40. 
2S, 
3B. 
2!>.6 
31. 

28.38 
30,13 

31.65 
3S.86 

38.38 
3.14 
10.60 

13.50 
29.60 

0.02 
.08 
.02 

m 

.02 

0.08 

.01 
.03 
.01 
.08 

3>J.30 
0.02 

an.15 

21.63 
35.M 

28.30 
3.16 
10.C2 

42.08 

18.49 

im.6 

57.41 

5751 
57.41 

42.02 

42.10 
43.03 

0.10 

0.08 

5747 

57.47 

42.08 

Error 

JO 

Error 

.06 

and  the  correctioDs  of  the  difference  of  latitude  and  departure  are  found  by  tha 
following  proponiotia: — 


Coittude. 

M1.0 

0.10  :!40    :0.0a" 

161.6 

OXe  !!  40    :  0.02 

;:  35    :  0.01 

::  36    :  0.02 

::  36    :  0.02 

::  39.3:  0.02 

::  211.6:  0.01 

*  Tytt  boundary  linct  in  Ihii  exsnif^  ara  »  nearly  of  im  equal  Icngih,  thai  Ibaco  —  _  _ 

diflerenre  of  latilude  (taken  to  (be  nearcfl  decimal)  J)  O.OI  Ibr  ewh  of  Ibaa  i  but  in  seneial  Ihey  wiU 
he  diflerent.  The  laMe  of  diSerenceof  laliiude  and  depenun  may  be  made  uie  ot  in  findiiic  UwH 
eorrcclinns,  thui  v- 8e«b  ia  Uh  lahle  till  ihe  first  lenn  161.6  [or  IGt)  ii  r«iad  id  iIk  diilance  column  la 
rnr-<~ipDnd  to  Ihe  iHood  lerm  0.10  (or  10)  in  die  depaituie  colunio  ;  tbui  oppoiite  Uk  third  Lcnn  4(t 
t&  36.  &r„  inll  be  die  tooKln  n " 


SURVEYING.  1U9 

•^TTRcted  rUfference  of  latitude  is  38.30.  The  seeona  is  \h8  difference  between  21.65 
•ltd  the  second  correction  0.Q9,  because  31.65  m  in  the  greatest  column ;  the  correcmj 
value  ia  therefDre  21£3.  The  third  ia  found  in  the  same  mnnner  to  be  3!i.m  —  0.CQ 
=:  35.84.  The  fourth  corrected  difTerence  of  latitude  iii  simply  the  fourtl]  correctioD 
OXK  pinned  in  the  •cohimD  N,  because  the  sum  in  that  column,  57.41,  je  the  least,  and 
the  fo^trth  difference  of  latitude  in  the  original  table  ia  0.  The  fiflh  is  tne  sum  of 
89.13,  and  the  fiflh  correction  O.OB,  making  39.15.  These  are  placed  in  tlieir  [iroper 
columns  in  the  corrected  values.  In  a  similar  manner  the  fim  departure  is  equuf  to 
Che  sum  of  28.28  and  the  first  coireciion  O.OQ,  which  is  equol  to  2SJ30.  The  aecoacl 
js  tbe  difference  between  13.50  and  the  second  correction  0.01,  making  13.4!)  i  and  so 
JB  for  the  others  taking  the  sum  when  the  departure  is  in  the  column  whose  sum  m 
the  least  (which,  in  the  present  case,  is  the  east),  and  the  difference  when  iti  the  other 
column.  In  the  traverse  table  thus  corrected,  the  sum  of  the  differences  of  latitude  is 
.'>7.47  in  both  columns,  and  the  sum  of  the  departures  42.06.  Having  corrected  tbe 
values  of  this  tmverae  table,  you  must  Hnd  the  meridian  distances,  the  column  M,  the 
iKith  and  south  areas,  &C.,  as  in  the  former  example. 

In  projecting  a  survey  of  this  kind,  where  there  tea  small  error,  you  muA  plot  off  aa 
usual  the  bouiiilai-y  lines  AB,  BC,  CD,  &e.,  and  it  will  he  found  tliai  tbe  Irrttiiuntion 
of  the  last  line  AK  will  not  fall  emclly  in  the  point  A,  but  will  be  at  a  point  near  it, 
which  we  shall  call  a.  To  correct  this  error,  you  must  draw  tlirough  the  points  B,  C, 
D,  &.C.,  linea  pamllel  to  aA,  in  tbe  direction  from  a  to  A,  of  such  lengilin  as  to  be  to 
Aa,  as  the  distances  of  those  points  respectively  from  A  (measured  on  the  iKiiiiiiliiry 
ABCD,  &c.)  are  to  the  whole  length  of  the  boundary  line  ;  througli  tiiese  points  draw 
Ae  corrected  lines  ieniiinatin|[  on  A. 


7^e  Manner  of  Siirveyittg  CoasU  and  Harbors. 

From  what  has  been  said  in  the  preceding  problems,  the  Intelligent  reader  wiD 
tiitilily  perceive  tlie  method  of  surveying  a  coast  or  harbor.  Bm  an  rliis  !■<  on  iiupor- 
tant  suhjiTct,  we  sliall  enter  more  fully  into  au  exptanatioo  of  tlie  different  methods 
which  nuiy  be  used. 

To  takt  a  draught  t(f  a  coari  in  »aSwig  along  ahart, 

Havin;;  brought  thealiip  to  a  convenient  place,  Irom  which  the  princi|tQi  poititnof 
the  roust  i>r  Imy  iiiny  bo  seen,  either  cast  anchor,  if  it  is  convenient,  or  lie-to  nx  Kteiidy 
BS  iKH^ihte;  or,  if  the  coast  is  too  shoal,  let  the  observatioits  and  inivisiires  be  taken 
in  a  Imat.  Then,  while  the  vessel  is  stationary,  take,  with  an  aKiunilb  compass,  die 
lieariiijcB.  in  degr>;es,  of  Hiir'.h  points  of  the  const  as  fonn  die  lgohI  nuiterial  projtrctiuns 
or  hollows.*  Write  down  tliese  bearings,  and  mnlie  a  rough  sketch  of  tliK  rouxt, 
observing  cnrefully  to  mark  the  poinia,  whose  bearings  are  taken,  with  kilters  or 
numbers,  for  die  sake  of  reference. 

Then  let  die  idii]>  or  boat  nm  in  ■  diroct  line  (which  must  be  very  carefully  meaa- 
nred  by  the  log,  or  otherwise)  one,  two,  or  three  miles,  until  she  comes  to  another 
situation,  from  which  tlie  some  points,  before  observed,  can  be  seen  again  witli  ipnte 
different  hearings.  Then  let  the  vessel  lie  neady,  as  at  the  former  station,  and  uliwrve 
again  the  liparings  of  the  same  points,  and  make  a  rough  sketch  of  the  coast.  This 
sketch  may  lie  made  more  Bl^curately  while  the  vessel  is  running  the  base  line. 

To  descrilie  the  chiirt  fhitn  tiiese  observaijona,  you  must,  lb  some  convenient  pBr» 
of  a  fheet  of  pnper,  drew  tlie  magnetic  [neridian,  and  lay  off  the  several  bearingu  taken 
at  tbe  lint  station,  markhig  them  with  their  pro)>er  letter?  or  numbers.  Lay  dosvn  also 
the  bearings  token  fniin  the  sucotid  station.  Draw  a  line  to  represent  the  Bhi|i'!<  nin 
both  in  lengdi  and  course,  and  from  that  end  of  the  line  expressing  die  tiisl  station, 
draw  lines  parallel  to  the  respective  bearings  taken  from  that  end ;  also  from  the  other 
end  Iraw  lines  parallel  to  the  bearings  taken  at  that  end,  and  note  tbe  intersection  of 
each  pair  of  lines  directed  to  the  same  point ;  and  through  these  intersections  draw  hy 
hand  a  curved  line,  olnwrving  to  wave  it  in  and  out  as  near  as  can  be  like  the  trending 
of  the  coast  itself.  Then  maSt  off  the  variation  of  the  compass  fh)m  the  north  end  of 
the  magnetic  meridian,  towards  the  right  band  if  it  be  west,  or  towards  the  left  hand  if 
it  be  east,  and  draw  the  true  meridian  through  that  point  and  the  centre  of  tbe  circle. 

'  1b  tuiing  liie  beuiugi,  if  Um  venci  hu  much  motion,  the  raean  ol  htstsI  obnmtioai  iboitU  bt 
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Against  each  port  drew  the  appeareniie  of  the  land  marked  in  die  bkeiches,  dnlin- 
'''   g  the  ii>ckyiihore,  highland,  bench,  &c^  OB  in  Plate  V.orVni.   Thusthewnd 


flushing 
Dcachex  ] 


icheH  m»y  be  marked  asin  Fl^e  VIII,  Agiire  8,  and  the  rocky  ahora  as  in  fipiire  0; 
&C.  Put  ui  the  severe]  aoundinga,  at  k>w  water,*  in  amall  ngiirea,  diNmgniBhina 
whether  they  are  ftlfaoniB  or  feeL  9how  the  time  of  hi^  water,  on  the  riill  and 
chance  davB,  by  Roinan  ligtUTa,Bnd  notetheriaeof  the  tide  in  feeL  The  direction  and 
velocity  of  the  flood  tide  are  to  be  ohaerved ;  which  may  be  daae  by  heaving  the  log 
when  the  stiip  or  boat  ii  at  anchor,  and  the  direction  is  to  be  repreaenltMl  by  nn  arrow, 
faiBerl  a  coinpaoB  and  a  scale  of  miles  or  leagues,  such  as  the  vemel's  run  was  laid 
down  by.  Add  the  aame  of  the  place,  and  the  latitude  and  longitude,  as  true  as  can 
be  olitained. 

If  there  are  ahoals  or  sands  on  the  coast,  let  them  be  observed  in  a  boat,  sailing 
round  thern,  keeping  account  of  the  counea,  distance^  and  soundings,  f  Bui  to  pin 
'hem  in  the  draught,  the  obaerver  in  the  bosl  must  take  the  bearings  of  two  poinle  on 
Jie  coaxts  (the  barings  of  which  have  been  taken  from  the  ship)  from  some  part  of 
jach  Band  or  shoal  so  sailed  round;  or  the  bearing  of  the  boat  at  some  pan  of  the 
idioal,or  of  some  beacon  in  that  place,  must  be  taken  bv  the  ship  st  each  of  the  Rflliona 
where  tl>e  bearings  of  the  shore  were  taken  from  the  ship ;  for  liy  either  of  Ihesti 
meann,  one  point  of  the  sand  being  obtained,  the  rest  of  it  can  be  laid  down  from  The 
ohservatioiiB  taken  in  the  boat.  Rocky  shoota  may  be  marked  on  the  chart  as  in  Plato 
Vlll.figure  ll,and  sond-hanka  as  in  lipire  10. 

If  the  coant  be  a  bay  or  harbor,  winding  in  such  manner  that  nil  ila  parts  cannot 
be  seen  at  two  stations,  let  as  many  base*  or  lines  be  run  and  measured  exactly  bh  may 
be  fbund  neccmary,  ofaeerving  that  the  several  distances  run  should  join  to  one  another, 
b  the  nature  of  a  traverse,  that  each  new  set  of  objecB  or  points  oiieerved  should  he 
taken  from  two  stncionv  at  the  ends  of  a  known  distance,  and  that  the  objects  whose 
Dearinpi  are  taken  do  not  so  much  extend  beyond  the  limits  of  the  base  es  to  make 
angles  with  it  less  than  about  j  or  f  of  a  point,  but  rather  reserve  such  objecis  for  the 
next  measured  base  line ;  Ibr  when  lines  lie  very  obliquely  [o  one  another,  their 
^tions  are  not  easily  ascertained. 

1^  particular  parts  of  the  harbor  cannot  be  conveniently  seen  from  eithei  of 
uic  ninitona,  take  the  boat  into  those  places;  having  well  examined  them,  and  made 
sketches  thereof,  extimating  the  lengths  and  tM«adth8  of  the  severa)  inlets,  either  by  the 
rowing  or  nailing  of  the  boat,  take  as  many  bearings,  soui>din^  and  other  notes,  as 
may  1)e  iliniight  necesmry ;  then  annex  these  par^iUar  viewt.  m  their  proper  places, 
in  the  general  dniughL 

If  there  are  any  daneerana  sands  or  rocks,  besides  inserting  them  in  their  propei 
placPH,  you  must  see  if  there  be  any  two  objects  ashore  (such  as  a  church,  mill,  house, 
ni>ted  clitf,  &c.)  which  appear  in  the  same  right  tine  when  on  the  shoal,  and  these 
objects  must  he  n'ltetl  on  your  chart  If  none  can  be  fbnnd,  you  must  take  the 
bniringa  of  some  reinarkalile  |>nincs,  and  note  them  on  your  chart.  By  tliis  means  we  ' 
may  know  how  to  avoid  the  danger. 

We  iniitit  iriarit  in  ih«  draught  the  kind  of  bottom  obtained  in  souniling,  whether 
mud,  sand,  ahelis,  catai,  rocky  ground,  &c. ;  and  where  there  is  good  nnchorafce,  draw 
the  figure  of  an  anchor ;  also,  if  there  is  any  particular  channel  more  conveniimt  than 
another,  it  is  to  be  pointed  out  by  lines  drawn  to  its  entrance  from  two  or  more  noted 
marlcB  ashore. 

The  [KwitionB  of  objects,  taken  by  a  magnetic  compass,  being  liable  to  ^ai  uncer- 
tainties, OS  is  well  known  to  those  who  have  hod  any  experience,  especially  at  sea, 
it  has  been  recominerwled  to  observe  only  the  bearihgs  of  the  station-tinea  by  the 
compos,  and  then  measure  the  angles  which  the  other  objects  make  with  these'  lines 
by  a  quadrant  or  sextant,  which,  for  this  purpose,  must  be  held  in  a  horizontal 
poftition. 

EXAMPLE   I.    (See  Plate  VII.  fig.  1.) 
of  the  IT 

bay,r  ...;..  --   . 

the  beanngfl  of  the  aame  points;  it  is  requii«d  to  construct  the  chart. 


I«r,  Ihejr  mmy  be  reduced  thereio  by  a  method  which  w 


dilliruli  lo  uecrtain  coirectly  lh«  cmirwt  and  di 
curreniJ  nnd  oiber  causei.  Thii  incoiiTeiLeiiee  may  m  . 
Iram  the  bnRI,  by  ab»r%-tiig  lu  the  boat  Ihs  benhng  or  ih 

ridrBiil,  Ihe  tape  conlained  helween  ihe  lop-gBlianl-mji 
snlIKhe<fch()t)thee>^e  of  the  ohterver ;  Far  by  ib-i  • 
may  be  d-nennined,  u  wilJ  be  uplaiDed  bereaAer. 


Bearing  of  U  IWhii  A,    S.  StT*  W. 

D  N.   iPW. 

E  N-  '-«P  E. 

F  N-K^E. 
Q  Ehh. 

H  &  4(P  E. 

I  8.  19"  E. 
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E  N.  W  VV. 

F  N  i:f  E. 
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Dnw  the  line  AB,  8. 64°  E.  1^  miles.  Through  the  points  4  and  B  draw  the 
lines  AC,  AD,  AE,  AF,  AG,  AH,  Al,  BC,  BD,  BE,  BF,  BG,  BH,  and  BI,  wiih 
their  respective  bearings;  and  where  ihe  corrMponditig  lines  cut  eacri  other,  wi)l  be 
the  |*oii]ts  C,  D,  E,  F,  G,  H,  and  I,  respectively.  Through  iheoe  points  the  different 
curvaiiirpH  of  the  land  must  be  drawn,  corresponding  with  your  eye-dniiigliL  In  thia 
manner  may  a  chart  be  constructed  fay  observatioiis  (akcu  upon  the  wuter.  The 
manner  of  surveying  upon  laud  is  exactly  similar. 

To  turvq  a  harbor  by  obitrvaHont  on  short. 

Make  an  eye^-tlraught  of  the  place  to  be  surveyed,  and,  tn  going  round  the  coast,  Hx 
■alioii-staves,  or  FWight  poles,  toll  enough  to  be  seen  at  a  coiistileruhle  disuiuce,  in  the 
most  lemarkable  poiiit»  and  bendings  of  the  shore ;  but  if  at  tuiy  of  dioee  pluces  there 
b  a  noted  tree,  house,  or  any  other  remarkable  thing,  that  object  may  serve  inittcad  of 
a  Btation-euitF;  and  it  will  be  convenient  to  black  Uie  naves,  and  tie  a  piece  of  white 
bunting  at  the  top  of  each  ;  then  io  tlie  eye-draught  put  letters  or  numbers,  af  the 
itoted  points  or  marks,  for  the  soke  of  distinction. 

Choose  the  niost  extensive  and  level  spot  of  ground  you  cnn  meet  with  to  measure 
your  liase  line  upon.  This  line  must  not  be  leas  in  length  than  a  tenth  [mrt  of  the 
disumce  of  the  two  extrecne  objects  which  are  to  be  obaerved ;  and  the  two  extreme 
ptHDiB  of  it  must  be  so  situated  that  as  many  of  the  station-staves  as  possible  iim^  l>e 
Ken  from  both  of  them.  The  bearing  or  position  of  the  base  must  be  ^vell  dclisrnunid 
in  degrees  and  minutes,  and  the  length  accurately  noeaaured,  either  by  a  measuring- 
chain  or  a  place  of  log-line. 

From  each  end  of  the  base  obeerve,  with  on  azimuth  compass,  or  with  a  theodolite 
(if  it  can  be  procured),  the  bearings  of  each  of  the  station -staves ;  or  else  with  a  enxtont 
measure  the  angles  c^mtnlned  between  the  staves  or  remarkable  objects  and  the  oibtr 
end  of  the  station- luie,  and  write  them  down,  in  regular  onk-r,  in  your  book.  Theas 
measures  and  angltia,  being  plotted  down,  as  beiore  directed,  will  give  [he  inosl 
conB|iicuous  jxiinis  of  the  shore.  The  intumiediate  spaces  are  to  be  tilled  up  Irom  the 
ri(el[:hes  made  on  the  apoL 
t  But  if  Hiiy  one  of  these  objet^  be  rituated  so  far  beyond  the  limits  of  the  base  as  to 
apiMiar  oeariy  in  the  same  direction,  or  to  ntake  angles  not  exceeding  10°;  or  if  some 
of  tlie  remarkable  objects  be  visible  only  from  one  end  of  tlie  base ;  then  let  the 
bearings  of  such  objects  he  taken  from  a  place  whose  positron  has  been  determined 
from  lioth  ends  of  the  measured  base:  or,  if  there  ore  several  remarked  objects  which 
cannot  he  seen  from  either  end  of  the  base  lines,  let  the  bearings  of  such  objects  be 
taken  from  each  of  two  poinls  whose  positions  have  been  determined  by  bearings 
taken  from  both  en<ls  of  the  base:  or  it  may,  on  some  occasiona,  be  proper  ro  choose 
another  place  on  which  another  bese,  of  a  convenient  length,  may  be  measured,  and 
fiom  the  extremities  of  which  the  ends  of  the  first  boae  may  be  seen,  and  as  many  as 
ponible  of  the  remaining  objects  which  lay  too  oblinuely,  or  which  could  not  be  seen 
from  the  first  base.  In  such  manner  proceed  until  the  bearings  are  taken  of  all  the 
points  judged  necessary  for  completing  the  survey  of  the  limits  of  the  harbor. 

If  a  right  line  of  a  sufficient  length  for  a  base  line  cannot  be  measured,  it  may  be 
taken  in  two  adjoining  lines,  as  the  two  aidea  of  a  triangle,  the  included  angle  being 
accurately  measured,  and  the  bearing  of  one  of  the  lines  observed. 

When  the  outlines  or  limits  of  a  harbor,  bay,  road,  &C.,  are  delineated  by  the 
preceding  precepts,  let  e,  small  vessel  go  out  to  sea  to  take  drawings  of  the  nppearance 
of  the  land  and  its  bearings.  Sail  likewise  into  the  harbor,  and  draw  the  appearance 
of  its  entrance.  Take  particular  notice  if  there  be  any  false  resemblance  of  the 
entrance,  by  which  ahipa  mav  be  deceived  and  run  into  danger;  or  if  uiiy  two  objects, 
being  brou^t  in  a  line,  will  lead  into  the  harbor  without  danger.  Search  for  the  best 
anchonng-places,  and,  if  possible,  denote  those  places  by  bringing  two  objects  in  one ; 
if  not,  lake  the  exact  bearings  of  two  or  three  other  objecta,  so  that  the  places  may  be 
easily  determined.  Af^  drawing  the  chart,  we  must  insert  a  comuusa,  with  tlie 
variation,  and  scale  properly  fitted  to  the  plan.  Then  the  ielanda,  roclts,  sands,  &c, 
roust  be  nuuked  in  their  proper  olace^  with  their  aoimdinga  at  low  water;   Cho 


■nchoring-places,  with  the  best  traiA  D 

avoid  dangers ;  the  places  where  fhnih  w 

ihu  of  the  i:tnintry,  or  of  the  Ma ;  the  latitude  wd  hmniai^e ;  9  9ket«h  of  the  appenr- 

Biice  the  place  rruiki;!!  at  sea,  upon  aktiown  bearingiand  at.an,eMinialed  (li^tiincc;  a))d 

wliaiever  elw  u  judicious  seaman  liiay  tliiiiE  proper  to  iiiaerC    Thoii  will  ilie  jilan  bA 

fit  for  all  nautical  purposes,  and  may  be  embelliehed  with  proper  colon,  if  iiecetsaiy 

EXAMPLE  n.    (SeePlateVlI.fig.a.) 

From  each  end  of  a  base  line  AB  of  1200  bthoma,  were  observed  the  points  C,  D, 
E,  F,  uiid  G;  and  be  the  points  I,  K,  and  L,  were  not  visible  from  the  extreinlties  of 
thtt.base  line,  another  base  line  was  measured,  from  the  point  D  lO'H,of  660  fathoms, 
from  which  poiiiUt  the  bearings  of  I,  K,  and  L,  were  obseiTed.  Hence  it  is  reijuircd 
to  eonatruci  a  chart  of  the  place. 


Bearing  of  C  from  B,        N.  W.  h,  W. 
D  N.  N.  W. 

E  North. 


Bearing  of  B  from  A,  East. 

C  North. 

D  N.  E.  b.  N. 

E  N.  E.  1  N. 

F  N.  E.  L  E.  1  E. 

G  E.  b.  N.  j  N.  1 

Bearing  of  H  from  D,  N.  W.      Bearing  of  I  from  H,          N.  E.  b.  N. 

I      ■  N.  b.  W.                       K                        N.  E.  i  E. 

K  N.  K  E.  J  E.                       L                           E.  N.  a 

L  N  N.  E.  J  E.  I 

Draw  the  east  line  AB  equal  to  1300  ftthoms ;  tmm  each  end  of  this  line  draw  the 
lines  AC,  AD,  AE,  AF,  AG,  BC,  &.c^  at  their  respective  1>earinKs  ;  dx!  |)otiiiB  of 
incertection  will  give  the  pointa  C,  D,  E,  F,  and  G.  From  the  point  D  (which  was 
found  iu  this  iniiiniTj  draw  the  N.  W.  line  DH  equal  to  660  fatlionta,  snd  tbroiirh 
these  points  dmw  the  lines  DI,  DK,  DL,  HI,  &C.,  at  their  respective  beerings ;  me 
-'"-■i  of  intcrwnioii  of  the  corresponding  lines  will  be  the  situation  of  the  poiits 

L.     Between  these  remarkable  points,  draw  the  outlines  of  the  land,  conformable 

ir  rough  draught 

ordiT  to  determine  the  situation  of  the  point  M,  which  was  seen  too  obliquolj 
iroro  the  Imiwh  AB,  DH,  you  may  take  the  bearing  of  that  point  from  H,aiid  tlien  frdm 
G  (whiwe  sitiiiiliou  has  bw-n  determined  by  bearings  taken  from  the  [toinis  A,  B) ;  the 
interseotion  of  ilie  lines  BH,  GM-,  wilt  determine  the  lutuotiou  of  M. 


Kl 

»  your 
Id  o 


■  Mttkod  of  surveying  a  small  bank  or  thoal  akere  great  aeeuraey  is  rrquiretft 

Tlie  itielho<I  of  detennining  the  extent  and  situation  of  ahoal  ground  hy  snilifg 
round  it,  and  kou])ing  an  account  of  the  courses  and  distances  sailed,  in  well  adapted  fo 
the  lakiti)^  of  an  exteiutive  Diirvey,  or  to  tJie  exploring  of  a  targe  banic,  where  grt^l 
acciimcy  is  not  rei|idred.  But  the  difhcultj'  of  ascertoinitiK  with  pn^islon  the  counca 
and  ili!ininc(«  sailetl  (which  are  liable  10  error  on  account  of  the  tides,  ciirrenta,  and 
the  diftercni  veliH'ily  of  the  Itoat  at  different  times,  owing  to  the  unKtcailineRH  of  toe 
wind)  prevents  tliis  method  from  being  sofliciently  accurate  to  be  useil  hi  cxploriti^a 
dangt:rou8  ahoui  or  lank  at  the  entrance  of  a  narrow  channel  of  a  liarbor,  or  any  other 
plnce  where  the  exai^t  form  of  the  shoal  is  to  be  found  ;  and  if  to  obiiiiii  ilie  necestiaiy 
degree  of  rorreclneHB,  the  bearings  of  two  reniarkoble  objocts  sre  lukcn  at  every 
time  of  soimding,  tite  time  expendeil  in  taking  the  observations,  if  there  !«  onh 
one  ,oh»erv<;r,  will  lie  hicreased  beyond  all  reasonable  bounila.  To  oliviate  ihe^e 
ilifficullii^  we  may  use  eitlier  of  the  following  luetliods,  hy  whii^h  tht!  niH'essNQ 
obsepntinns  Ibr  detenuitiiug  the  situation  of  the  boat,  con  uu  made  as  fiist  as  the 
Bouivlings  ore  taken. 

fVfJ  Method,  Procure  a  large  nil-boat  with  a  high  mast,  and  a  small  row-l>niA. 
Bril^  the  wiil-iioat  to  anchor  on  the  honk  ivliii^li  is  to  be  exjilored,  and  lake  ac['urate|y 
the  lienrinp!<  of  two  remarkable  points  of  land,  or  other  objects,  whose  Mitiiutlon  hsa 
alrealv  been  determined  by  ■•l«ervations  taken  on  shore,  or  in  riuiling  along  the  liuii 
By  fits  mcunB  the  siiuatiuii  of  the  sniUioal  may  be  acciirately  marked  on  tbe^chait. 
TlietT  BiMBrtliu  sinHlH)Ba[,"RlJ(rrow  froTn  rhmih'er  imOTy  iiaPficufar  ifireMifjnl'iiTiHerv-lng 
to  keep  the  most  of  the  boat  to  bear  upon  any  point  of  tlie  compass,  or  (which  is  much 
mote  sccurote)  10  keep  the  mast  of  the  boat  to  range  on  any  [wnicular  point  of  loiut 
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or  other  ol>j«M  ninrkwl  on  rtic  chun^  sn  Ihut  nay  error  which  miffhi  arwe  in  tlie  mmrsB 
of  the  Ihhii  nmy  Iw  |ir>'VfiiteiL  VVMIk  priH^eeiliDK  in  thin  ilintccion,  Itit  one  itenuin  mke 
theMiLiiiiliii^  wJiiluiiiiotlmrotwerveti,  witli  a  ijtiitilraiii  or  iHixtiuit,  iht;  ungiilaruleviitiou 
oT  the  tn)>  (if  tlie  Ihhu'h  ■ihm  aliove  tlti:  honzniitiil  liiM  tlratvii  from  iLe  eye  of  th« 
AtMerver.  uiil  a  thinl  jH;n«>ii  Roim  ibe  ohiwrvniioni  w  the  niiiiutB-tmok,  lunl  tlie  tiiiM 
or nhserviitiiiti,  in  oril^r  U>  irtnke  the  nei'iwouy  rKiliirtiun  in  the  aoumlingH,  lo  reiliii!* 
tliein  lo  low  wiitrr.  PrureeU  in  thi*  nintirier  Truiti  the  huI-Imiqi,  till  yuii  gpt  off  tlia 
hnnk  into  ileep  wattn',  or  tilt  the  eleviuion  of  the  iiuun  'a  not  luuub  len  than  one 
dfigme ;  then  row  wrom  the  Imnk  till  the  beafing  of  the  inaat  ia  altereil  Roraiilitriihly 
or  tilt  it  ap|ieaia  in  a  miiifti  with  another  piiiut  of  land,  at  a  conaidemlile  tuigiiloi 
distance  rroiu  ihi:  point  with  which  the  iiHut  nuigeil  \}\  the  first  otwisrvAliolis ;  iheii  row 
tuwnnls  tlie  Inhii,  aoundiii)!  aiirl  r>haerTtn|[  ttie  Hn^ilar  clevuion  of  the  niiist  iw  liitforv 
Proceed  in  tliis  riiaiiner,  in  •oiinding  to  tunl  from  the  wil-hoHt,  till  yoti  have  \itO(:ured 
a  auflicient  number  of  souiidinga  iti  every  direclioii.  Then  go  on  hoard  die  8iii1-l>oat, 
and  hIiiH  liur  birth  to  another  pan  of  the  bank,  where  Boiindinsx  have  not  been  niken, 
and  pnioeiid  to  sound  a^  before.  Continue  aouuding  and  iiliiftiug  tlie  sitiuilion  of  th<i 
hunt,  till  itie  wIidIp  bank  haa  been  explored,  and  tlien  the  oboervatioiu  may  be  pliitted 
off  by  die  ttire<'.tionx  in  the  followiiis  example. 

Let  ABC  (l'UileVIll.fig.l)be  the  mast  of  ihe  BHil.lK>at;  D  the  silnntion  of  the 
eye  of  llie  person  who  olwerves  the  angular  elevulion  of  the  nuiflt.  Draw  the  lin«  BD 
parulk^l  to  the  horizon,  and  join  AD.  Then  the  height  AB  mutt  lie  [iii-n!<iin-d  * 
tutcnnitely,  and,  tiiat  being  given  anil  the  otiserveil  a.'urle   Ai>B,  the  conitiini tiding 

,   ■._    _■-_-..    .  1...  -dg  uaiial  nd™  of  ;rigoni>inetiy,  by  aavintf,    ,\» 

Thud,  if  tlie  heigiit  AK  he  30  leet,'uiid  die 

„  :  .\DB  1°,  ihe^ligianne  BD  will  be  171!)  Ie<n  (being  .57..^  limes  ae  great  aa  AB). 
The  diMancKs  roma'poniliiig  to  2°,  'Jf.  Si.i;^  are  giveti  in  tlie  ailjoiued 
table,  by  exiiinining  which  it  will  appear  tliut  the  disiiiui:e  BD  oorif;- 
«]H>iidiiig  to  nny  angle  ADB  (leM  than  2CP]  mav  be  oliiuuied  nearly  by 
dividing  1719  by  the  angle  ADB  in  degreea.  TIiiih,  for  4  degrees,  by 
this  nile,  the  diHtance  would  be  xi^l  —  i^\  nearly,  as  in  die  talile. 
The  greatest  diffi^ren«e  between  the  iliMances  determined  by  the 
rule  aii<l  by  the  table  ia  5  feet,  corre8|ioiidiiig  to  the  angle  -KP:  for 
1^^  =  57,  wherens  by  tlie  titble  the  dinuiive  is  .'iS.  In  taking 
soundings  by  this  metliod,  it  will  be  veiy  rarely  nei'enwry  to  measure 
an  nogli-  so  n-eal  as  'Jf  ;  so  diat,  for  all  practical  iiuriKMea,  the 
distanei'  may  t>e  determined,  in  tliis  example,  to  a  mifnc^iiint  degree 
of  w^iimcy,  by  dividing  1719  by  the  obiHervnl  angular  elevation 
in  deitreeH.  On  these  principles  we  have  the  fiillowlng  rule  for 
calcitluting  the  iliiitiuiee,  corrmponding  to  a  must  of  any  given  height,  and  to  any 
obaerveit  angidar  elevation, 

RrLE.  Multiply  tht  height  of  tht  matt  (Aove  the  tyt  i^  Iht  obgrriKr  by  57.^,  and 
llu  pTodnrt  unji  bt  a  aynatatil  quantity,  f  lehick,  beirtf!  rimded  hg  the  obaertied  itngtr  of 
dcKolton,  expiated  in  dtgrttt  toid  decimaU  of  a  dtgret,  Iht  quotient  inlt  be  tht  lovght 
ditlaitu:  .ttaiiy. 

It  the  hHiiflit  of  the  maat  be  eTpmaseil  in  e<)iiul  parra,  taken  from  the  xcate  hy  ivliich 
the  Hiim  is  plonvil  off,  the  diHtunrBn  foinxl  iiy  the  iiIhivc  rule  will  be  expresswl  in  tho 
nine  equal  iwrta;  i«i  that,  if  llie  dknnticeg  diiis  exprewed,  cwrreH] landing  to  1°,  2°,  3  , 
Sec,  he  enlrulnled  nn<l  inarhett  on  a  slip  of  |>a|i«r  (Plate  VIII.  fig.  3)  Irom  H  to  ]~, 
friim  H  u>  V,  and  froin  H  to  3°,  4:0.,  resi)e(?livnly,  the  dip  H  I,  thus  inajked,  will  be  » 
rery  convenient  stjiIk  for  plotting  off  miith  iliHiHiireB. 

For  fiirther  illiiMration  of  this  inetho<l,  we  Inive  ^ven  an  exainplr  in  Plate  VITT,  fig. 
(,  in  which  C  represents  the  place  where  the  snit-l>oot  is  at  an(;h<jr ;  A  and  B  tlie 

■  A  mark  mn}'  lie  raaile  al  I),  uhI  n  vhiii!  ptnrcri  ai  Ihe  iflp  of  ibe  laasl  a1  A,  lo  enable  thr.  ohservcr 
to  iliiliiipiiili  IhiH*  ntijeclj  when  ni  a  jrcal  ■1i-tance.  If  ihe  hcighl  nf  Ihe  oh-ener  Bl«ve  the  hiiriino 
tw  imnll  ill  rninpanwti  wilh  ih^  tmgh'  -.f  ihn  mail.  Ihe  angular  dialani-e  ADE  between  ib«  siirr,i';c  nl 

diitwieu  BC  uod  CE  reimuii  Uk  «m*  in  all  ohservalloiii.  il  *ill  1-e  immalerial  vvhich  angfe  i>  nieai- 
and;  olHarvinft,  bnwaver,  ihai  diflemni  iralai  musi  be  uscl  far  plaUingotTihe  anj^es  ADB  and  AOC 

If  AB  reproKDI  Ibe  known  veOieiil  twijhl  of  Ihe  Mimmil  ot  an  iilanil  abiive  Ihe  eve  of  an  observe-, 
Ibe  dinUnee  flnm  ihe  iilaiiri  raa  he  rtslenniDed  by  meaiuijug  Iha  angulai  elevalinn  ADB.  ai  iieviileii, 
fiiifD  whal  hH4  been  mid  above. 

t  This  canniuit  quanliiy  may  be  detemnnari  wiUnut  aelually  menwriu  I)m  aliiUide  AB.irvwaiif^ilv 
rievnilaii  ran  be  meaoired  ni  a  plare  D.  where  the  diiiance  BD  ii  knowD.  'I'bu^,  in  Oie  exnmpla 
'Plate  VIII.  fie.  4),  Ihe  disinnre  AC  heinR  knnwn.  and  Ihe  en^tlar  elevntion  of  Ihe  mn<l  al  C:  beliig 
obterveit  ni  A  in  degrrea  and  deetmnli  of  a  degree,  and  miilnplied  by  Ihe  diitanrc  AC,  Ihe  prodiMil 
will  be  Ihe  rnnBiani  iiiinniiiv  mentioned  in  the  rule.  Thia  method  may  t>e  iwed  In  deunninur  tba 
^iiitaBCe  hum  an  blend  bv  iHa  meilwd  meniioiied  la  tbe  loM  nol*. 
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ininls  otmurvro,  in  onler  to  ssceruin  (he  position  of  the  boat  on  the  cliart,  bv  HrHWins 
thcrpoii  (lie  liiipe  AC,  BC,  iu  oj(i)OHite  directioni  to  the  bearings  of  (he  points  A,  K 
obeerveil  (Vom  the  boot, — the  point  of  intenection  C  lie'mg  evidently  (he  place  of  the 
bDs(  upon  the  ehan.  Suppose,  now,  thnt  in  the  Aret  wt  &t  olieiirvHtiofis,  thp  iiiun  of 
the  Roil-lioat  ie  made  to  range  on  tlie  pcini  A ;  in  this  cnae  the  eoiirse  of  (he  bant  iiiuBl 
be  on  the  FOiKinnation  of  (he  line  AC  ToWRnls  D  :  (hen  the  slip  H  I  (Plate VIII.  Kg. 31 
is  to  be  laid  ii|ion  the  line  CO  (Plate  VIII.  fig.  4),  with  the  point  H  U[)on  C  ;  anil 
the  ongiilar  elevation  being  found  on  (lie  aliu,  (he  souniling  rorreii[>oiuliiiK  (reiliireil  to 
low  water)  is  to  be  marked  on  (lie  line  CD,  iininediaiely  iintler  (lie  niarii  on  the  slip. 
Thns,  if  (he  angle  be  4°,  the  point  correspunding  will  be  G.  Having  plottci)  off  the 
lings  taken  in  the  direction  CD,  proeeed  in  the  mme  manner  with  the  others,  v' 


those  in  the  direction  CE,  found  hv  i^eeping  the  boat's  mast  in  n  range  with  the  ehiireh 
U  H  ;  IhOBe  in  the  direction  CF,  toniid  by  keeping  the  boat's  most  in  a  nmse  with  the 
point  H ;  (Jinn!  in  the  direction  CA,  foiinil  by  keeping  the  ninm  to  liear  E.  e 


■o  on  with  the  other  observations.  When  all  the  Bouiidiiign  are  mnrheil  on  the  chart, 
dottoil  lines  are  to  be  made  round  the  shoal  soundings;  and  thus  the  true  figure  of  (he 
riioal  port  of  the  bonk  will  be  obtained. 

This  medind  I  have  frequently  uswl  in  taking  a  survey  of  (he  |inrt  of  the  couet  of 
Ha:fs»ehiiH(!tts  Bay  included  between  Manchester  and  Lynn.  Tiie  height  of  the  mast 
of  tbo  boat  uxed  on  the  occasion  was  about  30  feet ;  and  it  wa»  found  (hat  distance* 
leas  than  a  third  of  a  mile  could  be  obtained  in  this  mHiiuer  to  a  great  degree  of 
preeision. 

Secotul  Method.  This  method  of  determining  the  place  where  mundingfi  are  taken, 
ConsiHii'  in  keeping  (while  sailing  in  a  Imat  and  Bounding)  a  panic-iilar  pi>in1  of  Innil,  or 
ouy  other  olijei:^  to  bear  alwavs  in  the  same  direction,  and  measuring  with  a  q^nadrant 
or  se.x(a(it,  helil  in  a  honzontal  iiositiiin,  the  auj^ilnr  iliamniK  lierween  (hat  objeni  and 
another  oliiixi  making  a  considenkble  angle  with  the  former;  for  by  this  mcanc  the 
sitUHtion  of  the  lioat  at  the  time  of  souniliiig  may  be  determined.  Instead  of  liringing 
the  object  (o  liear  'U])oii  a  partii-iilnr  point  of  the  compain,  yuu  may  (when  i[  can  be 
done)  bring  the  object  in  a  range  with  another  remarltable  object,  and  by  this  metuii 
you  will  avoid  (he  error  which  might  arise  fVom  the  use  of  a  coiii|nuH. 

For  an  example  of  this  method,  auppose  that  a  survey  of  (lie  Biiiall  islands  A  B,  K 
(Plate  Vni.fig.3];nnd  (he  large  one  CGH,  has  heen  oikeii  and  ploKed  nfl*  as  m  the 
figure.  Then  MiiindingB  may  be  taken,  in  the  direction  BCD,  by  bringing  the  small 
islnnil  B  in  a  nuige  with  the  southern  part  of  the  great  island,  and  nieHSi'n-in^  the  angle 
CDU  fbniieil  by  the  extremes  of  tlie  great  island ;  or  \iy  keeping  the  small  island  A  to 
rnngo  with  tlie  northeni  jmrt  of  the  greet  inland,  and  iiieasuring  (he  angle  IIIK  formed 
t^  the  nortlieni  extreme  of  that  inland  and  the  email  island  K  ;  or  by  running  in  the 
direction  KL,  Mi  ax  (n  keep  the  ixliuid  K  to  bear  W.  J  S.,  and  nif.n8uring  the  angle 
formed  by  tiiat  island  and  the  nortlieni  extreme  of  tlie  greet  ixlund,  &c. 

The  method  I  have  genenilly  uaed  for  plotting  off  euch  angles,  is  by  menns  of  a 
sector ;  and  as  that  instrument  is  more  eoMlly  proeiired  thun  oirii^rs  Ix^tter  nilnpted  to 
'  e  puquise,  I  phall  explain  the  method  hv  showing  how  the  Hiigh-  CDG,  incaKiired  ai 

mm  dniw  the  line  CD,  and 

nngli-  equal  to  the  olixerved  u 
one  jeg  oi  uie  si;eior  on  me  Line  ^^'D  (ill  the  other  leg  touches  the  northern  extreme  of 
the  itimnd  at  the  |K>inl  G,  auil  the  [miui  directly  under  (he  centre  of  the  joint  of  die 
sector  will  lie  the  point  of  ohnervation.  Aa  this  point  cannot  he  exactly  marked,  on 
nccnunt  of  the  iri7.e  of  the  joint  of  (he  innniment,  yon  may  mark  with  a  pencil  on  the 
line  CD  the  two  iminta  where  the  cin-iiiiiferenee  of  the  joint  touches  tliat  line,  and 
note  the  sounding  in  the  middle  lii;tw(;en  those  two  marks. 

[f  a  qiindrani  of  a  rb-cle  be  dearrilii'd  on  a  piece  of  paper,  with  a  radius  equal  in 
lengdi  to  one  of  the  legs  of  (he  sector,  and  then  divided  into  90°,  the  sector  may,  by 
niP-ana  of  thai  iiiiadraiil,  lie  o|iKnKd  to  any  angle  in  n  very  expedi^nis  imuiner. 

This  metliotl  of  obtaining  distances  when  sounding,  1  have  Grequuntly  used  wicli 

7%rd  Melhoil — teilh  two  obtervert.  Thi»  method  Ir  fnuniled  upon  the  pmcew 
exphiined  in  I'rublem  VII.  pa^  93.  It  consiiits  in  findinR,  ai  (he  same  time,  by  meaiM 
of  two  olwerverfi  fiinilshHil  with  sextanu,  die  liorixnmHr  niifdeti  ADC,  KDC,  (fi^irv 
Problem  VTI.  tNige  <»)  formed,  at  the  point  D  of  (he  stioal,  by  the  right  lines  DA,  DC. 
DB,  drawn  (n  three  points  of  land  or  ruiiiiirkable  objin:iit,  A,  C,  If  wnniv  iKisitiniw  an 
jiven  on  the  clmn,  or  have  been  UEi-ertuiiirtl  liy  previous  olierrvationii.  In  this  way 
various  poiutb  D  of  the  shoal  or  Ixuik  may  be  foiiiul,  while  the  bout  is  sailing  over  il; 


SURVETINO.  I IJI 

An  *  the  cDirespomliDg  ROiindmgH  can,  at  the  same  titni^,  he  obsiTveil.     As  the  proren 
"  aid  computing  wich  oheervations  has  air     "    "  "  '      ■■•■■■ 

It  Ike  neceanary  to  make  aii;  aildi^unal  n 


of  projecting  uiid  computing  wich  ol«ervalioiis  has  alreaily  been  explained  in  Prohlein 
VII^  itw"'  -  -  '  ■  '  '■-'       '  '  -  ■-  -••--•---    -■    - 


greui  c  „         .  .... 

have  the  centreH,  F,  G,  «rthe  two  inieniecling  circles,  ABD,  BCD,  near  to  each  other; 
becauBB,  ill  that  case,  n  alight  error  in  either  of  the  oliserveil  angles,  ADC,  BDC,  may 
produce  a  very  imiKirtaut  error  in  the  xiluatioii  of  the  point  D  of  tlie  Hhonl,  corrc- 
^KindinK  to  the  iiitenieclion  of  tlitwe  circles;  it  being  evident  that  the  nieihod  would 
wholly  Ail  if  the  point  C  were  to  be  placed  at  E  U|K>n  the  rarcumference  of  the  circle 
ABD,  because  the  centres  F,  O,  would  then  coincide,  and  there  would  be  no  single 
point  of  ioteraeriinn  D,  aiiice  any  point  wluiti'ver  of  the  circumference  of  the  circ-le 
BCD  would  iiatL<iiy  the  observniiona.  This  diffindly  is  inherent  b  this  rnech'Hl  iif 
ohpervation,  and  no  procesa  of  nuiiierical  calculation  wi':l  help  it ;  so  that  we  iiiny  rest 
aaaiired,  that  wheni^ver  it  is  difficidt  to  find  the  precise  poiut  of  intersection  D.  liy  8 
geometrical  coiiRtruction,  the  [mints  A.  C,  II,  have  not  been  well  Belected;  und  the 
obaen'atious  may  lend  to  a  very  incorrect  result,  except  tlie  anglea  ore  taken  witli  tlie 
DtiuoHt  degree  or  accuracy. 

To  reduce  soundings  taken  at  any  time  of  the  tide  to  low  teatcr. 

The  sonndings  at  low  water  are  always  to  be  marked  on  a  chart  j  and  if  they  ore 
taken  at  any  othi:r  time  of  the  tiile,u  i-orrei-tiou  must  lie  applied  to  reduce  tliem  to  low 
wattT.  This  allowance  may  be  maite,  if  the  whole  vertical  rise  of  tlic  tide  trom  liii* 
tu  hi^'h  water  be  known,  witli  the  time  of  high  and  low  water,  as  in  tlie  following 
example : — 

Supptne  the  vertical  rise  of  the  tide,  from  low  to  high  water,  to  be  JO  feet,  the  time 
of  low  water  5h.  A.  M^  and  the  time  of  high  tvater  llli.  30in.  A.  31.;  n^qtiired  the 
allowance  to  be  made  on  an  i>l)eH:rvati(ni  taken  at  8,  A.  M. 

Draw  the  line  AC  (Piute  VIII. fig.5),  and  make  it  equal  to  the -whole  rise  of  the 
lide,  10  feet,  taken  from  any  scale  of  equal  )iana,  and  divide  the  line  into  equal  'parts. 


tcpresenbng  feet,  ni  the  [Hiinte  1,  3,  A,  &c.  to  10,  the. mark   10  (correepoiiiiing  to 
whole  riK  of  the  tide)  Ix-iiig  nt  the  [winl  C ;  and  through  these  points  draw  line 
inlerence  of  a  circle  drawn  oi 


the  diameter  AC.  Divide  the  nemicircnniference  ARC  of  this  circle  into  a  nniidier 
of  equal  imrts  rp)>r>!t<entiug  the  niimlier  of  hours  ela|8ed  from  k)W  to  Kigh  water* 

(which,  in  thisi  case,  is  (ijli.),  the  hour  of  low  water  being  marked  at  A,  and  that  of 
ligh  water  at  C,  the  intcrjiiediote  hours  Ijeiiig  marked  in  succession,  as  in  the  fi/inre ; 
then,  any  hour  being  fotiud  on  the  arc,  the  ninnljer  of  tlie  line  drawn  perpend iciilnr  to 
AC,  and  (laaeitig  throuch  the  hour,  will  re]>re8eiil  nearly  the  numl>er  of  feet  to  lie 
sutKraiTtcd  from  a  sounding  laken  at  that  time,  to  reduce  it  to  low  water.  Thus  the 
uiimlii:r  of  feel  correnponding  to,81i.  is  Iwtween  4  and  5,  beuause  the  mark  8h.  tidlu 
between  the  lines  marked  4  nn<l  5;  thereforf  the  reduction  is  between  4  and  5  feet,  on 
■oundings  taken  at  8,  A.  IH.,  lo  reduce  llieiii  to  low  water,  on  the  day  of  oliserviiiion 
and  if^  on  that  dav,  the  tide  does  not  ehli  so  murli  as  on  a  spring  tide,  the  reilucrion 
must  be  incrcMeJ  by  the  diflerence  in  the  ebbing  of  the  two  r'des.  Thus,  if,  on  the 
day  of  olmervation,  the  lide  did  not  ebb  so  much  by  two  feel  mi  on  a  spring  tlile,  the 
reduction  corresponding  lo  8h.  must  be  increased  two  feet,  and  ivill  therefore  lie 
between  G  and  7  feet  Allowance  may  be  uinile  for  this,  by  increaning  the  niiinbiT 
of  feet  given  in  figure  S,  by  marking  2  feul  at  A,  3  feel  at  1,  4  feot  at  3,  &c.,  as  i^ 
evident. 

To  reduce  a  draught  to  a  smaller  scale 

With  a  hisck-leail  peitcil,  draw,  on  the  dmiighl  to  be  reduced,  cross  linos,  forming 
nact  squares ;  and  on  the  clean  imjier  for  the  copy  draw  the  same  number  ofsqiian's, 
making  their  sides  larger  or  sinalfer  in  pro|:orti(iii  to  the  intemleil  ni/e  O;!'  the  Kc;de, 
Kich  as  i,  i,  fitc,  the  length  of  the  other.  DistingiUHh  by  a  stronger  mark  every  fiflli  or 
Nxth  row  of  squares  in  bolh,  so  that  the  several  corresiHinding  ai|uare8  may  Lie  reailily 
pert^eived  ;  tlien,  in  each  of  the  squares  of  die  dnuighi,  draw,  bv  tlie  eye,  n  curve  on 
the  paper,  similar  to  that  in  the  siquare  of  the  co|iving-draught,  till  the  whole  is  copied, 
when  the  black-lead  lines  may  be  rulibed  out  witti  breail  or  India-rubber. 

*T\na  diriiiof  of  Ihe  seminrcic  may  be  nude  by  mcBtu  of  a  Hue  of  chordt ;  the  nuinber  of  dc^mi 
sormponding  lo  dne  hour  being  found  bv  lajing,  Aa  the  wliole  cinpscd  lime  frmi  low  In  liigli  »m« 
Ki  houn)  U  ID  130°,  )<i  i>  nue  liour  lo  Ihe  aic  foirtspondliiE  lo  1  bour,  tT"  Vt',  whicb,  bciuf  lakes 
nmi  1  line  of  cbordi,  and  laid  iiff  froin  oh.,  will  rcsch  lo  6b  ,  ate. 
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A  chart  ma;  alto  be  reduced  in  the  following  miiniier,  thus :—  Suppose  you  would 
re<lLice  a  chart  in  the  ratio  ol'  ihe  line  MN  (Fhi:e  VUI.  fig.  6)  to  HI.  Draw  tlie  line 
AC,  uiid  iiiuke  it  etjiitLl  to  HI ;  upon  A,  aa  h  i;eiitru,  describe  the  arc  CF,  and  make 
tile  chord  CF  equal  to  MN ;  join  AF ;  Iheu,  iT  you  tolfe  auy  diataitco,  AB,  you  wish 
lo  rcri(ice,^nTtpTOOTT'A"Tra"a  T^euue^  dew^ubtj  au  uii;  UDi'Iiirc  ciTonl'itDf  artert^trpTed .  by 
the  liueij  AC,  AF,  will  be  tlie  reduced  distance  correxpouding  lo  AB-  ThtG  redutcd 
distance  may  also  be  obtained  by  another  method,  which  is  more  Himple  thai 
Ibnner: — Tuke  any  exleiil  from  ilie  large  chart,  which  in  to  be  re  ' 
iKale,andBppty  itfrom  A  to  0(Pluie  Vjli  fi^.7)i  take  in  jour  coi 

3iou<ling  distance  on  the  small  chart,  and,  witli  one  foot  in  O,  sweep  an  arc  P ;  dt  iw 
le  line  AP  juat  touehiiig  the  arc  in  P;  then,  if  you  take  atiy  distance  from  Ihe  gi  ^nt 
clini[t,  and  apply  it  from  A  to  R,  and,  at  the  point  R,  sweep  an  arc  S  to  touch  the  i  ne 
AP,  the  extent  RS  will  be  Ihe  reduced  distance  corresponding  to  the  line  AB. 
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OF    WINDS. 


Tm  BMtli  U  nirroundetl  by  s  fiti^  iUTisible  flui<i,  called  otr,  wliich,  by  iu  weiiht,  i? 
es|MiM«  of  au|i{jorthi^  the  vBiiont  ruiiMnl  liy  [lie  sun,  hiiiI,  by  its  elmaJRity,  is  capable  of 
ai^iauiling  or  ^xvndmg  inelf  eo  as  lo  till  uu  a  larger  B)Kice.  Wben  the  elasticity 
of  any  portion  »f  tlie  air  is  chaiigeiL,  by  the  heat  of  the  sua  or  by  other  oau^.'s,  the 
neighimruifj  ]iaru  are  put  in  inoiion  to  reMure  the  eqtiilibrtiiiii.  Iu  this  [tiiiniier  \i 
f  urrcul  of  air  in  ronneil,  I'lilkil  tJiH  ff  uu/,  whirh  is  dif<tinguiHh<!<l  bv  several  iiuiiiui,  viz. 
ttadt  mimU,  motuoont,  varinbU  ivinilt,  &l^  The  traile  mnds  lifow  unii«taritly  frorti 
the  aame  ]>iirT;  the  nionjlMifu  blnw  half  (he  year  one  wiiy,  hiuI  Imlf  the  nlliPr;  aliil  lite 
MirtoUe  unnib  are  audi  as  blow  witlioiit  aiiy  remilarity  either  as  to  time,  place,  or 
direction.  The  following  obnervations  on  the  wiiid  have  been  tiiade  by  Dr.  HaHey 
and  others. 

There  are  cjinstaiit  tnule  winds,  blowing  from  the  east,  in  most  parts  of  the  Atlnnlic 
and  Pacific  Oceann,  between  the  latinides  of  30°  N.  and  W  S.  Near  the  norlliem 
rimhs  of  ihtwe  winds,  they  blow  between  tjie  uorth  and  east ;  and  near  their  southern 
Umits,  belwt^iiti  tlie  soiitb  and  east. 

In  the  Allnniic  Ocean,  at  alioiit  100  leagiiea  from  the  cimsl  of  Africa,  between  (he 
Intiludeu  of  28°  and  IKf  north,  there  la  generally  a  treah  gate  of  wind  blowing  from  tlie 
N.  E. 

Those  bound  to  the  Caribbee  IsUntls,  acmea  tlie  Atlantic,  find,  as  tliey  apjiroacli 
the  American  aiile,  thai  llie  N.  B.  wind  Iwroiiirn  enKttrly,  or  seldom  blows  more  than 
a  point  from  the  eaat,  either  to  the  northward  or  BOiitliwarcL 

Theae  trade  winds,  on  the  Amerioan  siile,  are  someiiinea  extehded  to  30°,  31°,  or 
even  to  •12°  of  iioith  latiliide,  which  is  about  4°  rarther  tliuii  what  they  exteiitl  lo  on 
the  African  side  ;  utso  to  tlie  southward  of  the  equator,  the  trade  winds  extend  3  or  4 
degrem  farther  townnls  the  liuutli,  on  the  coast  of  Bnizil,  on  the  Ainerican  aiilu,  than 
they  do  towards  the  Ca|ie  of  GomI  Ho|>e,  on  ilie  Africau  side. 

But  we  miuA  not  cnncludi:  that  the  above  limits  ure  without  exception  ;  for  both 
their  extent  and  dirertioii  vary  consiilerahly  with  tlie  soasoii  of  the  yeiir.  When  the 
nin  approaches  the  tropic  of  cancer,  the  S.  E.  trnile  winds  prevail  fitmier  to  the  nortli- 
waid  of  the  line,  and  tiictine  more  to  the  xoitthward  of  S.  E ;  and  the  N.  E  tnide  wind 
inclines  more  lo  the  eastward ;  and  the  contran'  at  the  opttosiie  season  of  the  year. 

On  the  African  coast,  fruiii  Ca|)e  Blanco  tu  Sierra  Leoiie,  the  winds  in  general  blow 
tKim  the  north,  inclinlag  from  tlie  wr^ward  rather  than  from  the  eastn'urd.  From 
Sierra  l^cone  to  Caiw  Pahnns,  the  onlinnry  course  of  the  winds  is  from  W.  N.  W^  and 
beyond  Cape  Pahnas,  as  far  rm  38°  winih  Witiiiie,  from  S.  W.  to  S.,  inclining  more  to 
the  eonthwanl  or  westwnnl,  sri-onling  to  the  partlrnlar  situation  or  beariiie  of  ilie 
8l)ore8  and  lands ;  end  the  imrt  of  the  ocean  extending  alone  this  coast,  to  the  distance 
of  60  or  100  leagues  from  the  shore,  '»  much  troubled  with  freiineni  cahn&  and  with 
Miilden  and  violent  gusts  of  wind,  known  by  the  name  of  tornadoes,  wliiith  blow  from 
all  ports  of  the  hori/«a  The  rennon  of  this  change  iu  the  direction  of  tlio  trade  wind 
near  the  land,  is  probaf-Iy  owiug  to  the  nature  of  the  coast,  which,  being  violently 
heated  by  the  sun,  rarefies  the  air  exceedingly ;  consequently  the  cool  air  from  tlie  E^ea 
will  tieep  rushing  in  to  restore  the  eqnilibrimn. 

Ill  the  Gulf  of  Guinea,  tliere  is  a  ])criodical  wind,  called  harmattaa,  which  blows  in  a 
N.  E.  direction  fmm  the  interior  imrts  of  Africa.  Tlie  seu-son  in  which  this  winii 
piwaila,  is  during  the  months  of  December,  January,  and  February. 

Between  the  4lli  and  lOth  degrees  of  north  latitude,  and  between  tlie  longinide  of 
Cape  Verd  and  the  easti^mnioHt  of  the  Cane  VerU  Islands,  there  ia  a  tract  of  sea 
which  seems  to  be  very  liable  to  coIiiim,  attended  with  i.iuch  thunder  and  ligliinlnir,  uitd 
frequent  rains.  The  cause  of  tliis  eeerns  lo  be,  that  the  westerly  winds,  Hening  in  on 
tbo  coast  of  AfHca,  and  meeting  the  general  eaBterly  winds  in  this  tract,  lialauce  each 
Mhnr,  and  so  Gause  the  calnis ;  and  ine  va[>ura,  earned  thither  by  each  wind,  ineetmg 
mnd  eondensiiig,  occasion  the  almost  conmnnt  raiiia. 

TbeM  obsernuions  show  the  reason  of  the  dif&cul^  whidi  shij-A  find  in  sailing  to 
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thn  eoiitliwnnl,  between  the  conns  of  Guinea  uxJ  Brazil,  particularly  in  the  monttis  of 
July  ami  August,  iiotwiltiHtiuuliiig  the  wiiltl)  of  the  ien  tH  more  than  500  lenj^iui;  fi>r 
the  S.  E.  witn(B,  ut  that  time  of  the  year,  coiiiiiionly  extend  Boine  degrees  4jeyninl  thfir 
onlinary  limits  of  4°  iiotth  latitude,  and  l)ecoine  more  soutlierly,  bo  bh  to  be  wiinetiiiiu* 
■oulh,  or  a  point  or  two  to  the  west  of  Houth.  It  theu  only  reniniiiH  to  ply  to  wiiul- 
ward  ;  and  if,  on  the  oue  aide,  they  Meer  W.  S.  W^  they  ^i  n  tviml  more  aud  mora 
easterly;  kit  then  there  is  danger  of  falling  in  with  the  cuaHt  or  ahoala  of  Brazil; 
aiiil  if  tliey  ateer  E.  S.  E.  tJiey  fall  into  the  neigh borhooil  of  the  coast  of  Giiiitea, 
whetiue  they  cannot  deport  witliout  ruuiiius  eaxterly  as  fiir  as  the  island  of  8t 
Th.-mas. 

When  ships  depart  from  Guinea  for  Europe,  their  direct  couiae  ia  northward  ;  hm 


e  they  caimot  p),  becanse,  the  coast  trending  nearly  eiwl  niid  west,  the 
IS  in  uie  northwiird.  Therefore,  as  the  winds  on  this  coast  are  svneraliy  between 
south  and  W.  S.  W^  they  are  ohiigeil  to  ateer  S.  S.  E.  or  aouifi,  and  with  these 


H  they  run  off  the  eliore ;  but,  in  so  doing,  tliey  hIwmvb  find  llie  wind  n 
more  coi,trary,  so  that  thoueh,  when  nettr  the  sliort^  they  can  lie  south,  at  a  frexi 
dktaDce  they  can  make  no  oeller  thtui  S.  E^  and  ufWtvards  E.  S.  E.,  wiin  which 
lursed  they  generally  fetch  the  island  of  Sl  Thomas  or  Cape  Lopez,  where  finding 
the  wind  to  the  eastward  of  the  sonth,  tliey  sail  wiu>cerly  with  it,  till,  coming  to  the 
latitude  of  4  degrees  south,  they  find  tlie  S.  E,  wind  lilouing  peqielually. 

On  account  of  these  general  wiiuls,all  bound  from  Europe  to  tiie  Wiwt  Indies,  or  to 
tlie  southern  Staiea  of  Americii,  ixnisider  it  must  advuntngeoua  to  gel  ab  soon  as  they 
can  to  the  southward,  bo  thi^  "^ny  be  certain  of  a  tsir  and  fresh  nile,  to  run  before  it  to 
the  westtvard.  For  the  same  reusnii,  those  bouiHl  from  tlie  aouthem  States  of  America 
to  Europe  endeavor  to  gain  the  laiitude  of  30  degrees,  where  they  lirHt  find  the  wind 
begin  to  be  variable,  though  the  nios)  onlinary  winds  in  the  North  Atlantic  Ocean 
come  between  the  south  aud  west. 

And,  for  the  same  reasons,  those  bnimd  to  India  from  Amerira  run  to  the  eastward 
in  tlie  variable  winds,  bo  as  to  l>e  in  the  longi:ude  of  35°  or  Jftf  W.  when  in  the  laiitude 
of  30°  N.  From  thence  they  steer  sou ih-caflterly  towru'ds  ilie  Cn])K  rte  Verda,  pacing 
4°  or  5°  to  the  westward  of  them,  unless  they  wish  to  Hiup  fur  su|iplieH.  Being  then  in 
the  common  route  of  the  Euroiiean  India  men,  they  siefr  soulheriy  to  cross  the  equator 
between  the  longitude  of  30°  W.  end  28°  W.,  where,  meeting  the  B.  E.  trade  winds, 
they  must  brace  up  and  sail  upon  a  wind  till  tliey  get  tliroMfih  them  and  come  into 
the  variable  winds,  where  they  may  steer  to  the  easiwanL  Near  the  equator,  the  trade 
wind  is  generally  stron^r  to  the  westward  tlian  to  the  eastward ;  and  were  it  not  for 
the  kar  of  falling  in  with  the  Brazil  coast,  a  ship  nilglii  crow  thtt  line  even  farther 
to  the  westward.  Ships  homewanl  liound,  from  the  Ca|>e  of  Good  Hope  towardf 
Ameiica,  may  deviate  a  litde  to  die  westward  of  their  nraight  itourae,  and  croas  tb« 
equator  in  the  longitude  of  30^  W.,  or  evuu  as  fur  as  33°  W.,  in  order  to  take  advantage 
of  this  fresher  trade  wind. 

Between  the  somhem  latitudes  of  10°  and  30°  in  the  Indian  Ocean,  the  general  trad* 
itinda  about  S.  E.  are  found  to  blov^  all  the  year  round,  in  the  same  manner  as  in  tha 
like  latitudes  in  the  Bouth  Atlantic  Oceuii ;  ami  during  the  six  months  from  May  to 
November,  these  winds  reach  to  within  2  degrees  of  the  equator ;  but  during  the  other 
six  months,  from  Novemoer  to  May,  a  N.  W.  wind,  called  tte  tiOle  monmon,  blows  in 
the  tract  lying  between  the  3d  and  10th  degrtHs  of  south  latitude,  in  the  meridian  of 
the  north  end  of  Madagascar,  and  between  the  3d  and  13th  degrees  of  loutb  latitude, 
near  the  long^ltnde  of  Sumatra  and  Java. 

In  the  tract  between  Sumatra  and  [he  African  coast,  and  from  3°  of  south  latitude 
quile  northwanl  to  the  Asiatic  coast,  including  the  Arabian  Sea  and  the  Bay  of 
fien^l,  the  monsoons  blow  from  Ociolier  to  April  on  the  N.  E.,  and  from  April  to 
Ocuiuer  on  the  S.  W,  In  the  former  half-year,  the  wind  is  more  steady  and  gentle, 
and  the  weather  clearer,  tlian  in  the  latter  six  months.  In  the  Red  Sea,  the  winds  blow 
nearly  nine  months  of  the  year  from  the  southward,  thai  is,  from  August  to  May,  and 
tlie  rest  of  the  year  from  the  N.  and  N.  N.  W.  with  land  and  oea  lireezes.  In  the 
Gulf  of  Persia,  from  October  to  July,  tlie  winds  blow  from  tlie  N.  W^  and  about  ibres 
months  from  the  ap|)oaite  quarter  ;  tliese  winds  being  often  interrupted  by  galea  from 
tlip  S.  Wt  anil  liv  land  breezes. 

Between  the  island  of  Mudagaacnr  and  the  coast  of  Africa,  and  thence  northwanl  at 
fiir  OS  [he  equator,  there  is  a  tract  wherein,  from  A]iril  to  Octolier,  there  is  generally  a 
S.  S.  W.  wind,  and  a  contrary  wind  the  rest  of  the  year,  with  regular  land  anil  sea 
breezes  on  both  coasts. 

To  the  eautword  of  Sumatra  and  Malacca,  on  the  north  of  the  equator,  and  along 
the  coasts  of  CaiiilsHlia  and  China,  quite  through  the  Philipp'uies  as  fiu-  as  Japan,  the 
monsoons  blow  N.  E.  and  9.  W.,  the  N.  £.  setting  in  about  October  or  Noveuiber 
aud  the  S.  W.  alMiut  Mar 


Between  Stimaoa  rtr.d  Java  i 


In  BUI  lie  plucks  tite  liiiiK  of  ihe  change  isBttenileit  with  caJnw,  in  oihera  by  vnrinble 
winiis;  oikI  it  oflen  liiipiwiu), on  the  snores  of  Coruinanilel  and  Cljiiiu,  towards  tlio  end 
it'  ;Iiu  iiionaooiiis,  that  iliere  are  moat  violent  slornia  t^lud  fy-J'otm^,  greatly  I'mein- 
.ling  tlie  liiirricitiieii  in  tlie  West  liiUitw,  wlmreiii  tlie  win<l  is  ao  violent,  [Imt  liurdly 
wy  thing  fixxi  rnjiBt  its  lorco ;  for  i)ib»  remoit,  it  ia  more  dungerouH  to  a|i)]roach  these 
4iureB  at  tlie  time  of  tlie  koeuking  up  of  die  inonsoou,  tliiin  at  any  other  aeasuii  of 

he  year. 

The  laad  and  »ta  brttxa  |  ire  vail  iirinci[>Blly  between  the  tropica.  The  sea  lirpe/e 
INierully  sets  In  about  ten  in  the  forenoon,  and  conliiiucs  till  aliont  five  or  six  in 

be  eveninc:  at  seven  the  land  breeze  liegins,  and  continues  til)  about  eiftlit  in  the 

nomiiiK.  The  cause  of  these  winils  is  this ; — During  the  day,  tlie  sen  is  not  «>  iniich 
iiuitud  By  the  sun  iis  the  loud,  nor  so  niucli  cooled  at  night.  Hence,  in  the  duv  lime, 
Jie  cooler  air  from  the  sea  will  rush  towarda  the  land,  lo  supply  the  dehi-ieucy 
Kcasioued  by  the  greater  rarefaction  of  the  air  ;  and  from  this  arises  the  sea  breeze 
[n  like  manner,  during  the  night,  the  air  at  land,  being  more  cooImI  tlian  that  at  sea. 
will  dierefore  blow  from  ilie  land  tovfards  the  sea,  and  occaaioii  ii  [and  breeze. 

A  iclarlaind  tit  a  dungerouH  pheiioinenun,  caused  by  the  adjacent  air  ruHlitng  in  froit 
ill  [mrta  tuwarils  a  centre  with  great  rapidity,  anil  aoinetimes  destroyiti};  every  ohjec 

t  poitsea  over  in  its  progreMHive  motioo.  ffaier-tpautt  and  whirlwiinlH  urise  Ironi  Ilia 
miwi^ause:  lira  latter,  being  formed  at  land,  ore  coinpuaed  principally  of  air;  but  the 
Ebnner,  being  Ibniied  iit  sen,  are  composed  of  water. 

Il  was  first  oliaerved  by  Dr.  Franklin,  tiiat  the  N.  E.  storms,  on  the  coust  of  il:e 
Uuitetl  States  of  .'\iiiericB,  frequently  begin  earlier  in  the  twncliem  Stoles  tluui  in  tlie 
oorthem.  This  he  accounts  li)r  by  suppoaing  a  great  rarefaction  of  air  in  or  nciir  the 
Gulf  of  MexiiTO ;  the  uir  rising  thence  baa  its  place  supplied  by  the  next  more  uojlliern. 
Hid  tlierefore  dtinaur  unil  heavier  air;  a  Biiccet«ive  current  »  tliua  fonutxl,  to  which 


£xperiiiiculs  liuve  been  made  by  several  peimns  tn  determine  the  velocity  of  the 
wind,  by  olwerving  the  space  passed  over  by  a  cloud  tn'  any  li^^it  sulibtani-K,  mid  by 
jiber  mettiods ;  mid  it  Iihh  been  Ihiind  thai  ifae  vektcitr  of  ibe  wind,  in  a  viuleul  pile. 
IB  about  50  or  60  miles  per  hour. 
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TIDES. 


Th«  tides  are  periodical  changes  of  lerel  of  tlie  water  ooourring  generally  iwice  in 
«ach  lunar  day.  The  rise  of  the  tide  ia  kuown  as  the  flood  and  its  fall  as  tlie  ebb,  tlie 
highest  rise  of  any  flood  being  called  high  tide  or  high  water  or  full  sea,  and  the  lowest 
fall  of  any  tbb  being  termed  low  tide  Or  lOw  water.  Each  ebb  and  each  Hood  oceiipiefl 
abi)UtstxlitiiBrhour&  The  riie  and  Jail  oilhe  tide  ia  the  differenco  of  JuveLat  low  and 
hiirt)  water.  These  periodical  ehannes  of  level  known  as  the  tides  slioald  be  carefully 
didtingiiiehud  from  die  efiects  which  they  produce,  known  as  tidal  currenU.  Thea« 
iwler  ui  the  horizontal  motion  or  the  water. 

The  cause  of  the  tides  is  the  unequal  attraction  of  the  sua  and  tnoon  upon  diflerent 
parti  of  the  enrtli ;  for  they  attrsct  tlie  parB  of  the  earth's  surface  nearer  to  thero  with 
a  greater  force  than  they  do  its  centre,  and  attract  tlie  centre  more  tlian  they  do  the  . 
opposite  suifoce.  To  restore  the  equilibiinm,  the  waters  take  a  spheroidal  figure, 
whose  longer  axis  is  directed  towards  tlie  attracting  body.  The  mean  force  of  the  sua 
in  niising  the  tide  is  to  that  of  the  moon  on^  as  1  to  2^,  for  though  the  mass  of  the  sun 

.'is  vastly  greater  tbaa  that  of  the  moon,,its  distance  causes  it  to  attract  the  diSiHWit- 
parts"  of  the  earth  with  nearly  the  same  force.  A  small  inland  sea,  such  as  the  Uedi- 
terranean  or  Baltic,  b  Uttle  subject  to  tides,  because  ihe  action  of  the  sun  and  moou  is 
always  nearly  equal  at  the  extj'emitles  of  said  seas.  The  mathematical  theory  of  the 
tidealias  tuil  yet  reachod  the  point  whurc  tlie  tides  at  any  given  place,  or  «ven  thecliBQgc« 
from  tidd  to  tide  at  the  same  piaee,  can  be  caloolated  by  merely  knowing  the  position 
of  the  sun  and  moon  without  resort  to  observation.  Nevertheless,  by  theory  combined 
witli  observation,  we  are  enabled  to  predict  the  tides  within  moderate  limits. 

-Hif^  water  ooTiffs  ou  tlie  avnrage  of  die  twenty-eight -days,  eomprisinf  a  hmar^ 
tnontii,  at  about  the  B.ime  interval  afler  the  time  of  the  moon's  crossing  {transit  over) 
the  meridian.  This  nearly  constant  interval,  expressed  in  hours  and  minutes,  is  known 
as  tlie  luBJtifial  interv^.  The  observed  interval  at  the  time  of  full  and  chnnge  of  tlie 
mobn  at  any  port  is  called  the  establishment  of  the  port,  a  word  "which  is  in  comfnOD " 
use  amoiig  navigators,  and  tlie  amount  of  which  is  designated  on  tile  ctiails  by  Roman 
numerals  aud  frdctioiis.  Thus  (vii^),  near  Sandy  Hook,  on  a  cliart  denotes  that  seven 
hours  and  a  half  ftttW'  the  moon's  transit  00  fiiU  and  change  days  high  waliT  will  occur. 
The  itreifage  of  all  the  iunitidal  intervids  ia  a  month  which  gives  a' more  correct  result,  ' 
taking  one  day  with  another  in  the  course  of  the  month,  has  been  termed  by  Mr 
Wheweil  (one  of  tliose  who  have  recently  done  most  for  the  knowledge  of  the  tides) 
''  owTBrtdi  olablithjneJit,"  and  to  distinguish  the  other  numbor  it  is  cillcd  the  "  vulgar 

"  (of  cinornim)  efitabliahment."  In  our  tables  of  establishnieritj'  tlie  corrected  ones  are 
epecially  marked  and  are  for  the  ports  of  the  United  States,  the  same  with  tho^  given 
upon  tlie  Coast  Survey  charts. 

The  highest  tides  do  not  occur  at  the  preaise  time  of  full  and  nowrnoqp.Jj.uJI  sjibao* 
quent  to  full  and  change.  TTpon  our  Atlanlac  coast  they  occur  one  day  after,  and  on 
uie  Atlantic  coast  of  Europe  two  day^  after,  but  oa  our  Pacific  coast  neariy  at  full  and 
change.     The  highest  tides  are  culled  sprtn^  tide.i,  and  the  lowest,  occurring  when  the 

_  moon  is  near  the_first  and  tliird  quarter^^are.cailedjteo/i.tides.     At  IhcpnriodE  of  jiili    , 
sndchange  theattraationof  thesun  and  moan  conspire  to  raise  the  tide  at  a  given  place; 
at  t^e  first  and  last  quarter  the  high  water  produced  by  the  moon  would  occur  at  the 
time  of  the  low  water  caused  by  the  sun,  ana  vice  versa,  so  that  the  two  aciioua  oppose 

eachoUier.     .....  .._...  

By  fixing  a  staff  graduated,  say,  into  feet  and  inches,  against  the  vertical  face  of  a 
pier  or  wharf,-and  ofeerving  the  mark  whifji  the  water  reaches  at  low  wiUtr,  we  shall 
see,  after  some  minutes,  a  slow  rise  of  the  water  begin,  'growing  more  auii  more  rapid 
ibr-sbout  thiea  hours,  then  gradually  Blaoheiiiag  for  th<«e -tnore,-  tmtilt  as-  it-mnrs  six 
hours  from  the  first  observation,  it  again  stands  for  BOinis  minutes  when  it  begins  to  &1] 
towftrils  bw  water,  accelerating  as  before  for  three  houfa,  and  then  slacking  off  again. 
The  two  periods  during  which  the  water  neither  rises  nbr  fulls  are  callcci  the  high  waitr 
«(Mid-aii^.  low-tvahr  tiattd,  ^-aonietimna  ijneli-  water, -a  term  which,  to  HToid  confii- 
sion,  it  iii  best  to  apply  only  tp  tidal  ourlents.  The; varying  rate  of  rise  in4  fail 
of  the  tide  diflers  much  at  diffjrent  places]  It  is  sho(wn  at  New  York  and  Livei^ 
pool  in  the  diagrams,  Sos.  1  and  2  on  Plate  IX.  Th*  hours  are  placed  on  the  hoti- 
Eontal  [iric,  and  the  heights  which  the  water  reaches  up6n  the  stalT  on  tlie  veitioal  line. 
Tbr  cuiveabuvBttienteofriMa&dfBU..  ifta  aaawfowlt-ia- given  in- Tabic  A^wneret 
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TABLE  A, 

Showing  the  rate  of  rise  and  fall 

of  the  Ude  at  New  York  and 

Liverpool 

nout.  btft« 

Bflighl  of  tide. 

Luw  wu^r. 

NewTork-l  UvwpMl. 

hn. 

6 

4.2 

18.9 

5 

3.7 

16,2 

4 

2.9 

10.4 

.1 

1.8 

&2 

2 

0.9 

3.0 

1 

0.2 

0.9 

0 

0.0 

ao 

fl 

0.5 

1.8 

2 

1.6 

6.6  ■ 

^3 

2.7 

11.0 

1     4 

3.6 

16.1 

5 

4.1 

19,7 

6 

4.4 

20.7 
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apposite  to  eoctt  bonr,  firom  low  wxter  is  shown  the  height  which  the  level  of  tho  water 
would  taark  upon  a  staff  the  0  of  which  was  at  low  water. 

This  cucre  or  thi<i  table  wIQ  enable  tKe  navi- 
gator to  conjecture  the  probable  rise  and  Jall 
ram  low  or  higfa  water  at  purts  where  the  rise 
and  &U  is  about  tiie  same  as  at  New  York,  or 
at  Liverpool,  but  will  not  apply  to  others. 

If  w&tohing  this  tide  staff  from  daj  to  day  in 
some  port  upon  our  coast  we  sliouli)  note  the 
time  Of  high  and  low  water,  and  the  tieight  be- 
ginni:^  with,  say,  two  days  after  change  Any  of 
we  moon,  and  oontinuine  for  a  liraar  monU)  or 
twenty-eight  days,  we  should  find  that  on  that 
day  the  tunilidal  interval  was  neaily  theavcrago 
of  all  which  we  would  obtain  in  tlie  course  of 
tlie  month,  and  that  the  water  ro^e  higiicr  and 
fell  lower  than  at  any  other  hii^h  and  low 
water.  These  are  spring  tides.  The  interval 
would  go  on  decreasing  until  two  days  belore 
the  first  quarter,  when  it  would  reach  its  least 
value.  The  height  of  high  water  would  de- 
crease, and  of  low  water  increase,  until  one  day 
after  the  firat  quarter,  when  tlie  one  woulil  reach 
its  least  and  the  other  its  greatest  height,  coiTe- 
aponding  to  ntaji  tides,  or  toast  rise  and  fall  of 
he  water.  From  the  period  of  its  least  value 
a  three  days  before  the  full  the  lunitiibl  interval 
would  increaso  and  then  decrease,  and  so  onwud  to  two  iluys  after  the  full,  wlien  the 
iuiervol  would  have  its  average  value  sgain,  and  the  hei^rjita  would  ^ain  correspond 
to  spring  tjdes.  The  corresponding  changes  in  the  lunitiilal  intervals  and  hei<;ht<>  take 
place  from  the  fijll  to  change,  passing  through  the  moon's  third  quarter.  It  is  hardly 
necessary  to  remind  the  navigator  that  at  ctonge  the  moon  and  sun  cross  the  meridian 
together,  or  llie  hour  of  transit  la  0  hrs.,  and  that  at  the  first  quarter  the  hour  of  transit 
(moon's  soutliing)  is  6  hrs.,  at  the  full,  12  hrs.  This  change  in  the  lunitida)  interval 
nina  lis  course  from  change  to  full  or  full  to  change,  that  is,  in  a  hilf  lunar  month ;  it  is 
hence  called  tha  half  monthly  ineqaality,  and  is  in  general  the  largest  of  the  changes  in 
the  lunitidat  interval,  which  must  be  taken  Into  account. 

If  there  were  no  changes  in  the  lunilidal  interval,  it  would  be  very  simple  to  deter- 
mine the  time  of  high  or  low  water  at  a  place.  A  table  of  intervals  and  an  almanac 
ahowiug  the  time  of  transit,  or  as  it  is  sometimes  called  in  the  almanacs  the  time  of  the 
moon's  southing,  would  be  alt  that  is  necessary.  Suppose  we  wish  to  determine  the 
time  of  high  water  at  Boston  on  the  l'2th  of  December,  18.59.  From  the  table  of  es- 
tablishments, No.  LV.,  wB  take  that  of  Boston,  llh.  27m. ;  from  a  Boston  almanac,  the 
time  of  the  moon's  upper  transit  on' that  day  In.  59tn.,  A,  M.,  addia"  the  two  numbers 
we  have  ]3L  26m.,  or  lb.  26m.,  P.  M.,  as  the  time  of  high  water.  The  corresponding 
low  water  is  6h,  after,  or  mora  exactly  6h.  13to.  So,  if  the  heights  did  not  change, 
one  number  in  tlie  tslile  would  give  ua  tlie  rise  and  fall.  This  supposes  tliat  we  had 
an  almanac  of  the  port  at  which  we  desired  to  know  the  time  of  hish  waicr,  but  as 
this  would  usually  not  be  the  csse^  we  must  take  our  result  from  tlie  Naotieal  Almanac^ 
With  which  we  are  provided.  This  referring  to  the  time  of  transit  of  the  moon  over  the 
meridian  of  Greenwich,  and  to  tlie  same  meridian  for  the  longitude,  2m.  must  be  added 
lo  the  time  of  transit  at  Oreenwich  for  every  hour  of  west  longitmif,  and  subtrnrtcd 
for  every  hour  of  east  longitude.  The  same  result  may  be  hacl  from  the  table  B, 
where  the  numbers  to  be  added  to  the  time  of  the  moon  s  transit  are  given  fur  every 
ten  degrees  of  longitude. 

Ki7LR  I.—  Find  the  time  of  the  moon's  coming  to  the  ineridian  of  Greenwich,  on  tlie 
pven  day  in  the  Nautical  Almanac  Enter  Table  B  and  find  the  loiiLiituJe  of  the  given 
place  in  the  left  liaoii  column,  corresponding  to  which  is  a  number  of  minutes  to  be  ap- 
plied to  the  time  of  passing  the  meridian  at  Greenwich,  by  additig  when  in  u'esi  Icnjji- 
tude,  but  sttbtraeting  when  in  mat  longitude;  the  sum  or  difierence  will  bo  noariy  the 
time  that  the  moon  passes  the  meridian  of  the  given  place. 

To  this  corrected  time  add  the  time  of  high  water  or  full  sea  from  Tublo  LV,  TbiJ 
(am  will  bo  the  tune  of  high  wat«r  on  that  day. 

Example  1— Reiiuired  Uie  time  of  high  water  at  Charle^iton  (S.  C),  November  IB, 
1850,  in  the  afternoon,  civil  account.     From  the  Nautical  Alniannc  we  find  the  moiin'j 
meridian  passage  at  Greenwich,  Noven^ier  18,  at  ISh.  26ui.,  which  ooTTOsponds  to  ?h. 
l« 
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26ra.,  A.  M.,  of  the  19th  dny  by  civil  aocouot,  From  Tabl« 
LIV,  we  have  the  longitude  of  ■Charleston  79"  54'  W.;  whicli, 
for  this  purpose,  may  be  asaumed  as  80".  Entering  Table  B 
with  80°,  WB  find  the  correction  of  the  moon's  passing  the 
meridian  to  be  11  minutes,  which  is  to  be  wided  as  the  longi- 
tude is  weaL  The  moon's  meridian  passage  at  Charleston  is 
therefore  at  7h.  37m,,  A.  M,  Adding  to  this  tlie  lunitikl  ic- 
terval  7h.  13m.  from  Table  LV.  we  obtain  Uh.  SOru..  or  2h, 
50m.,  P.  M.,  as  the  time  of  high  water  at  CliarlesW.*'  in  the 
afternoon  of  November  19,  1869. 

Example  II.— Required  the  time  of  high  water  at  iV.rtland 
(Maine),  December  13,  1859,  in  the  aftt-rnooii,  civil  wcounl; 
The  Nautical  Almanac  gives  the  moon's  meridian  \'aBejt<^  at 
14h.  47m.  on  the  12th,  corresponding  to  2h.  47m,  A.  IL,  od 
tlie  13th.  The  longitude  of  Portland  is  70°  12'  W  in  time 
(Table  XXI.)  4h.  41m.  At  the  rate  of  two  minutes  for  eveiy 
hour  of  west  longitude  we  should  add  9m.  to  the  Greenwich 
time  of  the  moons  meridian  passage,  giving  it  for  Portland  at 
2h.  SSm.  Adding  tho  lunitidal  interval  from  Table  LV.  llh. 
25m.,  gives  14L  21m.,  or  2h.  21m.,  P.  M.,  for  the  time  of  high 
water  on  December  13  tit. 

These  resulta  would  be  the  time  of  high  water,  did  not  the 
limitidai  interval  vary. 

If  the  changes  of  lunitidal  interval  from  half  monthly  ine- 
quality were  the  same  for  all  ports,  it  would  be  ewy  oy  a 
table  of  a  single  column  to  apply  the  required  corrtctjon  to 
the  time  of  high  water  when  £e  moon  was  not  at  full  or 
change,  but  this  is  not  tlie  case.  Ithasbeenfound,  however,  that  the  general  law  of  this 
change  is  tlie  same,  and  that  by  knovring  the  greatest  and  least  lunitidal  interval  for  any 
port  we  can  detennine  by  computation  Uie  change  of  intervd.  The  ports  having  nearly 
the  same  difference  of  greatest  and  least  interval  are  grouped  together,  and  the  correction 
to  be  applied  to  the  eatabliithment,  according  to  the  age  of  tiie  moon,  is  given  in  Table  C 
The  porta  which  may  thus  be  classed  together  are  the  following ;  a.  The  ports  rf 
England  and  of  the  westom  coast  of  Europe  in  general  i,  'The  ports  on  the  eastern 
or  Atlantic  coast  of  the  United  Slates,  e.  The  porta  of  the  western  coast  of  Florida 
kod  of  the  western  or  Pacific  coast  of  the  United  States. 

This  table  is  arran"ed  on  the  suppo^tion  that  the  corrected  establishment  is  used, 
which  is  the  case  for  the  more  important  porta  in  Table  hV, 

Id  other  parts  of 
the  world  tiian 
tJioae  mentioned  in 
the  groups  a,  b, 
e,  the  hall-mont)iIy 
inequality  i  '■' 
known  ;  ti 
lowing  table,  form- 
ed by  averag- 
ing the  dtree  col- 
umn* of  Table  C, 
will  probably  give 
a  sufficient 
proximatJOn. 


■  TABLE  B. 

^r-:-; 

IhB  pl.ce. 

p«.tM  the 

"<1«£. 

0 

0 

10 

1 

20 

3 

30 

4 

40 

5 

50 

7 

60 

8 

70 

9 

80 

11 

90 

12 

100 

14     . 

no 

15 

120 

16 

130 

18 

140 

19 

160 

20 

160 

22 

iro 

23 

130 

24 

TABLE  C. 

TlmaiiT 

(Tonr. 

Iranilt 

Ob 

a.!d  41m 

add  19m 

Om 

1 

"    IT 

"       6 

subt  17 

2 

rabt.  11 

5Ubt      8 

"    32 

H 

"    27 

"     18 

"    44 

4 

"    22 

"    47 

5 

"    47 

"    24 

"    35 

6 

"    41 

"     19 

"      0 

7 

"    17 

"      6 

add  17 

8 

add  11 

add    8 

■'     32 

9 

"    27 

"    16 

«    44 

10 

"    40 

"    22 

"    47 

11 

"    47 

"    24 

"    35 

B  applied  to   the 


""""■j 

Oh 

Om 

1 

lubL  18 

2 

"    37 

3 

"    49 

4 

"    66 

5 

"    56 

6 

"    40 

7 

"    23 

8 

"      3 

9 

add    9 

10 

"     16 

11 

"    15 

Thus,  ii 

pie  L,  pven  before,  the  time  of  the  moon's  meridian  passage  being  7h.  37m.,  we 
enter  the  table  with  that  quantity  in  the  column  of  time  of  the  moon's  transit,  and 
under  the  head  of  group  b,  and  by  an  easy  proportion  we  find  the  correction  to  the 
lunitidal  interval  to  be,  "  add  3,"  that  is,  three  minutes  must  be  added  to  the  mean  luni- 
tidal interval  at  Charleston,  making  it  7h.  16m,,  which,  added  to  the  time  of  moon's 
transit,  would  give  2h.  53m,,  P.  M.,  as  a  more  accurate  time  for  the  high  water  of 
November  19,  1859. 

In  Example  II.  we  had  the  time  of  the  moon's  transit  at  PorUand  at  2h.  66m.,  eft- 
teriog  Table  0  with  3h.  in  the  column  of  moon's  transit  (which  is  near  enough  forthit 
purpose),  we  find  m  the  column  of  group  b  a  correction  of  "  subt.  16m^"  i.  s.,  sixteen 
minutes  must  be  vibtivted  from  llie  mean  limitidai  interval,  making  it  UL  doL, 
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r  2h.  5m,,  P.  U.,  foi  tha 


vhich  addN  to  the  time  of  moon's  tranait,  gives  14h.  6m 

dme  of  high  water  on  December  13th. 

The  changes  of  the  moon  in  dcclioation  cause  a  tide  once  ia  twenly-four  Iimar  hcun, 
which  adds  itself  to  the  moming  high  water,  increasing  it,  and  aubtracts  itaelf  frait  the 
next,  or  aftemooti,  high  water,  or  ticb  vena  This  is  called  the  diurnal  inequality.  It 
afl^clfl  the  time  and  the  height  of  both  high  and  Jow  water.  la  most  of  the  porta  rf 
^to  Oulfuf  Mexico  this  diurnal  tido  ia  the  only  marked  one,  except  when  the  moon  m 
near  the  equator.  In  the  ports  of  Gre»t  Britain  and  Ireland,  Fiwioe  and  Spain,  ths 
diurnal  inequality  in  height  is  marke<L  but  in  time  is  inconsiderable.  On  the  AtlaalJo 
coast  of  the  United  States  it  is  small  both  In  time  and  height.  It  inoreases  in  pas^w 
along  the  Ktiaila  of  Florida  to  the  western  coast  of  the  Florida  peninsula,  and  the  semi- 
diurnal tides  almost  disappear  from  Cape  San  Bias  to  the  mouths  of  tiie  Mississippi,  re- 
»ppearing  only  slightly  between  Isle  Deruiire  and  Galveston,  and  again  being  murged 
in  thedimnal  tide  from  Aransas  Pass  to  Vera  Cruz,  and  probably  sonfti  ward.  The  small 
tide  of  the  day  is  frequently  called  by  navigatora  a  half  tide,  and  in  speaking  of  tbe  la™ 
and  small  tides  of  the  day  they  say  ibe  tide  and  half  tide.  On  the  western  coast  of  t£a 
United  States  this  inequality  is  large  botb  in  time  and  height,  amounting  at  San  Fran- 
cisco at  its  greatest  value  to  two  and  a  half  hours  uf  time  and  four  feet  of  lieigbt.  It  ia 
probably  targe  on  the  whole  western  coast  of  South  America,  but  observations  are  waob* 

.....  .«  ™..«  ;„f, .:««  ;..  .. — —a  .„  .i.„  i-.ri^  ^f  these  locahties. 

)r  the  daily  inequality  in  time  and  height 


e  information  ii 
The  following  table  will  give  the  c( 
for  The  Pacific  coast  of  the  United  States  t 
and  three  i'lchea  of  height. 
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within  about  eight  mmutes  of 
Tlie  quantities 


in  tills  table  are  the 
applied  to  tbe  times 
of  hi((h  or  low  water  obtaineil  by  means 
of  Rule  I  and  corrected  by  Table  C. 

RuLE-^Find  from  the  Nautical  Al- 
manac the  number  of  days  elapsed  since 
the  moon's  declination  was  greatest,  or 
if  before,  the  number  of  days  to  come 
to  that  time.  With  this  enter  Table 
D  in  the  Qrat  column,  and  opposite  tbe 
number  hnd  the  correction  in  the  sec- 
ond colum.  When  the  moon's  declina- 
tion is  north,  the  correctiou  is  to  be 
subtracted;  when  south,  it  is  to  ba 
added.  When  the  moon  s  declination 
is  nothing,  the  correction  is  nothing; 
The  fourth  and  fifth  columns  give  tbe 
corrections  to  the  heights  of  mean  high 
water  and  mean  low  water  for  the  same 
days.  The  corrections  for  the  height  of  low  water  follow  the  eaqie  rule  as  those  for 
tbe  times  of  high  water;  but  for  the  heights  of  high  water  they  are  the  contrsjy,  that 
i^  they  asti  to  be  subtrncted  when  the  former  are  to  be  added,  and  vice  versa. 

The  effects  of  this  inequality  may  be  also  expressed  in  the  fbllowiiig  way:  Tbe 
moon's  deiilination  being  north,  the  high  water  next  following  the  moon's  transit  will 
be  earlier  and  higher  than  the  average,  the  next  low  water  later  and  lower,  the  next 
Ugh  water  later  and  lower,  and  the  next  low  water  earlier  and  higher;  when  the 
moon's  deolination  is  south,  the  first  high  water  is  later  and  lower,  the  next  low  water 
earher  and  higher,  tbe  next  high  water  earlier  and  higher,  and  the  hezt  low  water  latei 
4nd  lower,  by  the  amounts  given  in  the  table. 

Example. — Required  the  time  of  h^h  water  at  San  Francisco  October  16,  1859. 
EyHuleI.,wefind  the  moon's  transit  to  happen  at  3h.  21m.,  A,  IL,  on  that  day.  Tbe 
establishment  for  San  Francisco,  from  Table  LV.,  is  12h.  6m.,  wbicii  added  to  3h.  21m., 
gives  15h.  27m.,  or  3h.  27m.,  P.  M.,  as  the  time  of  high  water,  uncorrected  for  the  half 
monthly  and  diurnal  inequaJities.  The  former  is  obtained  from  Table  C,  group  e,  and 
is  45m.,  which  ia  to  be  subtracted,  giving  2h.  42m. ;  the  second  is  obtiiine<I  from 
Table  D.  By  referring  to  the  Nautical  Almanac^  we  find  tliat  on  the  given  day  the 
moon  had  her  greatest  declination  nortK  Entering,  therefore,  the  table  with  0  day 
fiom  greatest  declinatioiL  we  find  corresponding  le  it  in  the  second  column  C4m.,  to 
be  subtracted,  as  the  declinatioa  is  north,  giving  lb.  38m.  as  the  time  of  high  water. 
If  the  corrections  had  been  neglected,  we  should  have  been  Ueftrjy  two  hours  in  emx. 
fbe  same  table  tells  ub  in  the  other  colnmus  that  this  high  water  would  be  1.0  foot 
higher  than  an  average  'uigh  water,  and  the  next  low  water  1,8  foot  lower.  The  next 
hig^  water,  A.  U,,  of  the  17th,  would  be  one  foot  lower  than  the  average,  or  two  fbet 
lower  than  tbe  above  high  water,  the  next  low  water  L8  feet  higher  than  tbe  average 
cr  3.6  feet  higher  than  toe  piecedinK  one. 


CURRENTS. 

A  eVKRENT  li  a  proffTMsiTe  motion  of  the  water,  CBuatng  all  flo&tmg'  bodies  ta 
more  that  way  towards  which  the  atream  is  directed.  The  lel  of  a  current  is  that 
point  of  the  compass  towards  which  the  waten  run,  and  its  drift  is  the  rate  it  runs 
per  hour.  The  most  uanal  waj  of  diacovering  the  set  and  drift  of  an  unknown  cur- 
rent, is  the  following,  supposing  the  current  at  the  surface  to  be  much  more  pow- 
erful than  at  a  great  distance  below  the  snrface ; — 

Take  a  boat  a  short  distance  from  the  ship,  and,  bj  a  rope  fastened  to  the  boat's 
■tern,  lower  down  a  heavj  iron  pot  or  loaded  kettle  to  the  depth  of  80  or  100  fath- 
oms; then  heave  the  log,  and  the  number  of  knots  mn  out  in  half  a  minute  will  be 
the  miles  the  current  sets  per  hour,  and  the  bearing  of  the  log  will  show  the  set  of  it. 

There  is  a  verj  remarkable  current,  called  the  Gulf  Stream,  which  sets  in  an 
north-east  direction  along  the  const  of  America,  from  Cape  Florida  towards  the 
Isle  of  Sables,  at  unequal  distances  from  the  l:<nd,  being  abont  75  miles  from  the 
shore  of  the  southern  States,  but  more  distant  from  the  shore  nf  the  northern  States. 
The  width  of  the  stream  is  about  40  or  50  miles,  widening  towards  the  north. 

We  were  first  indebted  to  Doctor  Franklin,  Commodore  Trustoo,  and  Mr.  Jon- 
athan Williams,  for  the  knowledge  we  possess  of  the  direction  and  Telocity  of  this 
Stream.  Its  general  course,  as  given  by  them,  is  marked  on  the  chart  affiled  to 
this  work.  They  all  concur  in  recommending  the  use  of  the  thermometer,  as  the 
best  means  of  discovering  when  in,  or  near,  the  atreain;  for  it  appears,  by  their 
observations,  that  the  water  is  warmer  than  the  air  when  in  the  stream ;  and  that 
at  leaving  it,  and  approaching  towards  the  land,  the  water  will  be  found  six  or  eight 
degrees  colder  than  in  the  stream,  and  six  or  eight  degrees  colder  still  when  on 
Bounding.t.  Vessels  coming  from  Europe  to  America,  by  the  northern  passnge, 
should  keep  a  little  to  the  northward  of  the  streajn,  where  they  may  probably  be 
assisted  by  a  counter  current.  When  bound  from  any  southern  port  in  the  United 
States  of  America  to  Enrope,  a  ship  may  generally  shorten  her  passage  by  keeping 
m  the  Gulf  Stream.  By  steering  N.  W.  you  will  generally  cross  it  in  the  shortest 
time,  as  its  direction  is  nearly  N.  E.     {Seepage  6,  Notei  and  Correetions.) 

In  other  pnrts  of  the  Atlantic  Ocean,  the  currents  are  variable,  but  are  generally 
south-eiisterly  along  the  coast  of  Spain,  Portugal,  and  Africa,  from  the  Boy  of  Bis- 
cay towards  Madeira  and  the  Cape  de  Verds.  Between  the  tropics,  there  is  gen- 
erally a  current  setting  to  the  westward. 

There  is  also  a  remarkable  current  which  sets  through  the  Mozambique  Channel, 
between  the  Island  of  Madagascar  and  the  main  continent  of  Africa,  in  a  south- 
westerly direction.  In  proceeding  towards  CapeLagullas,  the  current  lakes  a  more 
westerly  course,  and  then  trends  round  the  cape  towards  St.  Helena.  Ships  bonnd 
to  the  westward  from  India,  may  generally  shorten  their  passage  by  taking  advan- 
tage of  this  current.  On  the  contrary,  wnen  bound  to  the  eastward,  round  the  Cape 
of  Uood  Hope,  they  ought  to  keep  far  lb  the  southward  of  it.  However,  there  ap- 
pears 10  be  a  great  difference  in  the  velocity  of  this  current  at  diflTerent  times ;  for 
some  ships  have  been  off  this  cape  several  days  endeavoring  to  get  to  the  west- 
ward, and  have  fonnd  no  current;  others  have  experienced  it  setting  constantly  to 
the  westward,  during  their  passage  from  the  cnpc  towards  St.  Helena,  Ascension, 
and  the  West  India  Islands.  Instances  have  however  occurred,  where  an  easterly 
current  was  experienced  off  the  Cape  of  Good  Hope,  Off  Cape  Horn  there  is  a 
current  setting  N.  60°  B.,  at  the  rate  of  19  miles  the  24  hours,  during  the  summer 
months — daring  the  autumn  months  it  is  accelerated  nearly  double,  and  sets  N. 
49-'  G. 

The  folhieing  is  compiled  from  a  eommnnic/ition  of  Lieut.  Bent  to  Mr.  G.  SV.  Blunt, 

reip^ctinf!  a  xlrean  of  warm  aster,  jukieh  u  found  on  the  east  eoatts  of  'Forraota 

and  the  Japan  Iilandi. 

Tliis  stream  has  its  origin  in  the  great  Equatorial  current  of  the  Pacific,  from 
which  it  is  separated  by  the  south  end  of  Formosa,  whence  it  is  deflected  to  the 
ourtliwnril  along  the  tasl  coast  of  that  island,  until  reaching  the  parallel  of  36° 
Qorlh,  when  it  beaia  off  to  the  nprthw&rd  and  eastward,  washing  the  whole  tonth- 
tust  coast  of  J^pan  a*  far  at  ih»  Straits  of  Sanger. 

Near  its  origin  she  stream  is  eontracted,  and  aeem>  to  be  nansilj  conSned  b« 

r^     ,.,  I,  C"itK>^lc 
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tweea  the  iaUndsofPontiosa  and  Majieo-Saicm,  with  a  breadth  of  iOO  miles;  bat  tc 
the  northward  of  the  latter  it  expand*  rapidlj  on  ita  aontheni  Umit  and  reaches  the 
Lew'Chew  and  Bonin  groaps,  attBining  a  width  to  the  northward  of  the  latter  of  60O 
mileH.  ThenfrrtA-ioeif^medgeof  the  stream  is  strongly  marked  bj  a  sudden  chsnn 
in  the  temperature  of  from  10°  to  30°;  but  the  aoulh-eastern  limit  is  lesa  distinctly 
defined.  Alonj;  the  borden  of  the  stream,  and  also  in  its  midst,  where  whirls  and 
eddies  are  produced  bj  islands  and  inequalitiea  in  its  bed,  itrong  tidt  ripa  are  va- 
countered. 

The  averb^  strength  of  the  cnrrent  between  the  south  end  of  Formosa  and 
the  Straits  of  Sanger  is  from  35  to  40  miles  per  da;.  Its  maximum  once  off  the 
Gnlf  of  Yedo  was  obserred  as  high  as  73,  74  and  60  miles  respectively  per  day. 
A  cold  counter-en rrent  may  uiri  to  the  north  of  40°  and  long.  143°,  running  through 
the  Straits  of  Sanger;  but  to  the  ustttaard  of  a  line  connecting  the  north  end  of 
Formosa  and  the  south-western  extremity  of  Japan,  a  cold  current  sets  to  the 
southward,  through  the  Formosa  Channel,  into  the  China  Sea. 

This  current  is  well  known  to  the  natigalors  trading  on  the  coast  of  China, 
who  never,  in  the  north-east  monsoon,  attempt  to  btat  against  it,  bnt  make  the 
passage  usually  to  the  eastward  of  Formosa. 

The  Japanese  call  this  warm  stream,  setting  along  their  Bonthem  shores  to  the 
northward  and  eastward,  the  Knro-Sicoo,  or  Black  Stream,  from  its  deep  blue  color 

Its  maximum  tempeJ'atnrB  is  about  86°,  and  the  difference  between  its  tempera- 
ture and  that  of  the  ocean  due  to  the  latitude  is  on  an  average  about  12°. 

There  is  no  eaunttr-current  intervening  between  the  Kuro-Sicoo  and  the  coast 
of  Japan  south  of  the  Strait*  of  Sanger,  consequently  the  large  body  of  warm  water 
which  washes  the  shores  of  the  island  most  essentially  contribute  in  modifying  its 
climate. 

All  cases  of  eailing  in  a  current  are  calculated  upon  the  principle  that  the  shif 
is  affected  by  it  in  the  tame  manner  as  if  she  had  sailed  in  stilt  water,  with  an  ad- 
ditional course  and  distance  exactly  equal  to  its  set  and  drift,  Qn  this  principle  the 
projection  and  calculation  of  uiy  problem  of  this  kind  may  be  eaail-  made 


BT  PRUJECnON. 
Deacribe  the  compass  NESW;  through  the  centre 
A  draw  the  N.  E.  by  N.  line  AC  euual  to  98  miles; 
ihrough  C  draw  the  line  BC  parallel  to  ^e  S.  by  W. 
Hue.  iiiake  UC  e<|uul  to  27  miles,  and  jom  AB.  Then 
AB  will  be  the  course  and  distance  made  good;  and 
bj-  measuring,  we  liud  the  course  to  be  N.  &  J  N^  ibe 
dviance  74  miles. 


BY   CALCULATION. 


The  shortest  method  of  calculating 
this  problem,  is  by  means  of  Table 


shi]>, and  lliesetnfihe  current;  then 
tiiijing  the  difference  of  latitude  and 
depomire  by  the  table.  The  course 
and  diMance  made  good  is  then 
found  as  in  Case  VI.  of  Plane  Sail- 
ing, [n  the  preeenl  example,  the 
eourae  iff  N.  E.  j  N.,  and  the  distance 
''4  miles  neaiiy. 
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OF    THE    I.O«-M\E    AND    HALF-MIMJTE 
GLASS. 


Varidds  rnetlioils  tinve  been  proposed  (br  measuring  the  rate  at  which  a  ship  eain 
but  rliiit  itKMt  ill  iiae  ii<  by  die  JLog  and  HaJf-Minute  Gkas. 

1'liK  1.^2  in  II  fliit  ))iec«  ofthin  iKiard,  of  a  si^inral  or  quadrantal  form  [ace  Plate  VL 
fig.  S],  londeil,  on  llie  circular  aide,  witli  lead  miffii;ient  to  make  it  awiin  ufirighi  in  tlie 
wulnr.  To  lliin  m  liiatened  a  line,  nhout  150  fathotna  long,  called  the  log-lint,  which 
is  divided  into  ci;ru>in  spaces  called  knots,  and  is  wound  on  a  reel  (see  Plate  VI.  lig.  4] 
wliicli  niniH  veiT  L'lisily.  Hie  Half-Minnte  Glass  is  of  the  gome  fortii  m  an  Hour 
GhiKS  (do;  Plate  VI.  tig.  2L  and  cootnina  nuch  a  quantity  of  sand  as  will  run  tlirougb 
the  linit;  in  ItH  neck  in  liulf  a  iniiiiito  of  time. 

The  iiiuking  of  the  ex|H)riinent  to  find  tlie  velocity  of  the  ship,  is  called  heaving  the 
I(^,  wtiicli  m  tinis  performed : — One  iiinn  holds  the  reel,  and  another  the  half-inuiute 
g.asii ;  nn  otRcer  of  the  watch  throws  tlie  lug  over  the  ship's  stem,  on  the  lee  aiite,  and 
when  he  oliwirvt-s  the  stray  line  is  run  tiff  (which  is  about  ten  faihoma,  thb  distance 
being  usuullv  allowed  to  carry  the  log  out  of  the  eddy  of  the  diiii's  wake),  and  the  first 
marit  (wliicli  is  generally  a  red  rag]  is  gone  off,  he  cries,  TWn;  the  glas-holder 
oiisiverH,  Dan*;  and,  wntcliing  the  glass,  the  moment  it  is  nin  out,  saya,  Stop.  The 
reel  heinii  iin  mediate  I  v  stopjKd,  the  last  mark  run  off  shows  the  number  of  knots, 
and  the  iliHlaiice  of  tliai  mark  fVoiu  the  reel  is  estimated  in  fiithoma.  Then  the 
knotf  and  fiithonis  logetlii:r  show  the  dbtauce  the'sliip  lins  run  the  |>recediiig  Iiour,  if 
the  wind  hus  Inreii  uonstnnL  Itut  if  the  giile  has  not  been  the  seme  during  the  whole 
hour,  or  interviil  of  time  between  heaving  the  log,  or  if  there  has  l>een  more  sail  set  or 
hundnl,  a  propirr  allowance  tniist  l<e  inwie.  Sometimes,  when  llie  Bhi|i  is  before  the 
wind,  and  a  great  sea  setting  after  her,  it  will  bring  liome  the  log.  In  such  cosis,  it  is 
customary  to  allow  onn  mile  iu  ten,  and  less  in  proportion  if  the  sea  be  not  so  greaL 
Allowance  ought  tdeo  to  Ik  mode,  if  there  be  a  head  sea. 

This  practice  of  measuring  a  tdiip's  rate  of  Hailing,  is  founded  upon  the  Ibllowing 
principle — tliai  i}i«  length  of  each  knot  is  the  nme  pan  of  a  sea  mile,  as  half  u  minute 
IB  of  an  hour.  Therefore  the  length  of  a  knot  ought  to  be  ^^  of  a  sen  mile ;  but,  \iy 
various  adnicasiireinenta,  it  has  lieen  found  that  the  length  of  aBoamileisaboulflUOu,',. 
leet ;  hen<'R  the  letigili  of  a  sea  knot  should  be  SI  feet.  Bach  of  these  knots  is  diiided 
into  10  fitthoiiM,  ol^about  5  feet  each.  If  the  glass  be  only  28  xeconds  in  running 
out,  the  length  (if  the  knot  ought  to  be  47  feet  and  6  tenths.  These  are  tlie  lengtlis 
generally  recoiuiiienileil  ui  iHHika  of  nuvigniion ;  but  it  may  lie  olserved,  that,  in 
many  irialis  it  lias  liuen  found  that  s  slii|i  will  generally  overrun  her  reckoning 
with  a  k>g-lina  thus  marked ;  and,  since  it  is  l)est  to  err  on  the  safe  side,  it  has  been 

Enenilly  reconimendeH  to  Morten  the  nlrave  fneaaurea  by  3  or  4  feet,  niuking  the 
igtii  of  a  knot  about  7j  fathoms,  of  6  feet  each,  to  correspond  with  a  glass  tliat  runs 
98  seennds. 

In  heaving  the  log,  you  roust  be  carefiil  to  veer  out  the  line  ss  fast  ae  the  log  will 
take  it ;  for  if  the  log  lie  left  to  turn  (lie  reel  itself^  the  log  will  come  home  and  deceive 
vdu  ui  yiiur  reckoning.  You  niusi  also  be  careful  to  measure  the  log-line  pretty  olten, 
lett  it  stretcli  and  deceive  yon  in  the  distance.  Like  regard  must  be  had  that  the  liaJf- 
minute  glaat  lie  just  30  seconda  ;  ollicrwise  no  accurate  account  of  t)ie  ship's  way  r«o 
be  kepL  The  glan  is  much  mflueiiceii  by  the  weailier,  running  slower  in  dnnip 
woatlier  than  in  dry.  The  hatf-minute  glass  may  be  examined  by  a  watch,  with  a 
secotlil  hand,  or  liy  tlie  following  method: — Fasten  a  plummet  on  a  line,  snd  hang 
it  on  a  iiuil,  observing  that  the  distance  between  the  nail  and  midille  of  the  plummet 
be  39i  inl^ht«;  then  awing  the  jilummet,  and  notice  how  often  it  swings  while  th^ 
glass  is  rmniiig  out  and  that  will  be  the  Duraber  of  secouds  measured  by  the  gloM. 
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OF  THE  LOG-LINB  ABD  HALF-MINIITG  GLASS. 


7V>  r.Qfrect  the  dtslanee  w^en  the  log-Hne  and  half-minufe  glass  are  /iaulty 

If  there  be  ony  error  in  the  k>g-)ine  or  giMB, 
CorreiAed  in  tlie  tblbwiug  manner,  iiu[>|insing  that  a 
knot:— 

(J.J  If  the  ^luas  only  is  fniilty,  you  must  say,  J»  Vie  reeomii  run  fiy  the  glast  are  to 
30  teconds,  so  u  the  diatance  gmtn  by  the  log  to  the  true  distmtce.  Tlinn,  if  n  shin  sniEa 
6i  kuote  {H^r  lioiir,  ity  a  glnsa  of  36  Bcconda,  the  true  iiuiiilier  of  knots  per  hour  wiH  lie 
7.1:  for  3G  :  30  ::  8JS  :  7.1. 

(2.)  If  the  log-line  onl^  is  faulty,  you  muflt  soy,  A  Jiflj  fret  is  to  the  distimct  of  a 
kiuil  on  the  line,  so  it  the  dtslance  run  ojf  the  log  to  the  true  diMtance.  Thus,  if  u  ship 
Kiik  7  knots  per  hour,  bv  a  log-line  meiuuriiig  53  fet:i,  lier  tj'ue  diGUiuce  will  l)e  7.4 
miles  |>er  hour ;  because  50  :  53  : :  7  :  7.4. 

(3.)  If  tlie  log-line  tuiil  glosx  ure  both  Riultv,  you  miist  say,  As  .50,*  multiplied  by  Ike 
Unglh  of  the  glass,  is  to  -30,  midtiplied  by  the  length  of  the  line,  so  is  the  measured  In  Iht 
true  distnnce.  Thin,  if  s  ship  sails  6  knots  per  hour,  with  a  giasB  of  34  seconds,  luid 
B  kig-liiie  of  60  feet  per  knot,  her  true  velocitT  will  be  9  tiiilea  i>er  hour,  because 
50XiM:30X60i;6:a 

The  following'  descrintion  of  Maasey'e  Patent  Log,  ttsed  in  surveying  opentionB,  ii 
&om  Caf.L  Edward  Belcher's  treatise  on  Nautical  Surveying : — 

"  It  is  composed  of  a  brass  wedge-shaped  box,  having  within,  three  cogged  wheels, 
acting  on  each  other  in  such  proportion  that  a  total  revolution  of  one  completes  a  division 
of  the  next,  (or  one-twentieth,)  a  revolution  of  the  next  one-fighth,  registering  thtis  from 
one  hundred  and  sixty  miles  to  tenths,  and  decimal  parts ;  the  action  Is  by  the  rotation  of 
•  spndle  with  four  spirally  fixed  wines,  (termed  tlie  rotator,  or  fly,}  which  turns  an  end- 
less screw  in  the  box,  acting  directly  on  the  decimal  wheel.  It  is  towed  astern  by  a 
•tout  lead  line  of  sixty  fiithoms,  and  is  registered  every  time  the  coarse  is  cliaii^ixl,  angles 
taken,  &.C.,  hilt  should  not  be  reset  until  the  Iwenly-four  hours  have  elapsed,  the  ship 
anchors,  or  goes  leas  than  three  knots — (when  It  becomes  tmcenain  from  not  towing 
h^iontally.)" 

A  new  instrument  for  measuring  the  vessel's  velocity,  and  also  to  find  the  depth 
of  water  by  sounding,  has  been  invented  by  Profes.<or  Vi'.  P.  Trowbridge  of  tie 
United  Stntes  Coast  Survey.  It  is  more  accurate  than  any  other  instrument  nted 
for  such  purposes,  and  has  been  adopted  by  the  United  States  Jiavy. Department. 

glMliTKl,  MidlhBUMbTSn.  j™  rnBjTniiftlplTlhof.mnrrlT 
muk  tbe  lott-liDi  Kt  ten  thui  M  fwt  fa  s  gim  ef  3U  Kooml^  b> 
itwl  oT  M,  in  >U  the  >t»ve  rul». 

TABLE, 
Ghowing  the  len^  of  s  mile  of  Longitude,  ia  feat,  for  different  Latitudes 

[A  Oeofraphicll  or  NmiMmI  Mile  M  the  EqMlor  li  60S6.4.) 
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DESCRIPTION  AND   USE  OF  A  QUADRANT 
OF  REFLECTION. 


Mk.  Johk  Hai>let  wm  the  fint  who  ptiMisbed  a  descnption  of  the  Quadrant  of 
tMviiimt  for  iiieHmiring  oiigiilar  dismiu^oi;  am)  ihR  hiEiriimeni  Ktill  Ifim  hlit  name, 
altlioii):li  it  has  lieeu  asciinuiiiod  thai  Sir  laaac  Jifheltm  iiiventeil  «  jHiiilur  oni;  some 
yvaia  Ix^fore,  tnit  never  ninile  it  piihlic  One  of  uiir  cuuiHryjiien,  Mr.  Thonua  Godfrey, 
of  Piiiliuleliiliiii,  luu)  nlso  iMintrived  on  insmiiiient,  on  tlie  soilie  [irinL-ipleti,  some  tiitie 
before  Mr.  Hailky  made  known  liis  ilbcuvery. 

I'lulR  IX.,  figure  1,  reiinawnta  a  qiiailnmt  i)f  reflection,  the  )iritici|inl  |«tt8  of  which 
■uv,  the  fnune  AftC,  the  enulnaiud  arc  BC,  the  index  D,  Uie  iiDiitiis  or  vernier  scale 
E,  the  Index  irlKw  F,  ilie  Tiorizoii  riawea  U  iui<l  H,  [lio  darii  uluwea  or  xcreuiu  I,  and 
tlie  si^hi  vuii«<  K  aiid  L. 

Tliu^mi/uotef/an;  BC  isan  octant,  oreirhih  unn  of  a  circle,  lull,  on  arcouni  of  Ilie 
doiihle  rcfli!i:iion,  is  divided  into  !XI°,  nuiiiliered  from  0°  towiinis  the  Ictl,  niid  each 
degree  w  i-iiiiiiiinnly  dividnd  into  three  eqtiaJ  imrts,  of  20  niiimtea  euch.  Tlie  gradua- 
tion on  the  limli  is  rontiiined  a  few  degrees  to  tlie  right  of  0°.  Tliis  |iortioD  is  called 
tlie  an  ofarcen,  and  is  fnniul  very  unnveiiient  fur  »'^'eral  |tiir|HN«!8. 

The  mdrx  D  is  a  flat  bar.  conuiionly  made  of  Imsn,  movnhle  round  the  centre  of 
tlie  iiiHtnmiiiiil,  aiid  linutilor  towards  the  axis  of  million,  where  is  fixed  the  index  glaai 
F  ;  III  the  otlier  end  is  tixeil  the  nonius  or  vtrniiur  simie,  used  in  eetiinatuiK  the 
fliiNlivisioiifl  of  the  arc ;  at  the  bottom  ur  end  of  the  hulex,  there  Is  a  piece  of  bran 
whicii  leads  under  the  arc,  hsving  a  spring  to  iimke  the  vernier  lie  close  to  the  limb,' 
Bud  a  screw  lii  fiwien  it  in  any  position.  S'line  qiiailrants  have  n  tangrnt  screw 
affixed  to  the  lower  pun  of  the  bdex  lo  adjiiM  iip  tnotion.  The  ferntcr  ie  a  nrJiU, 
narrow  diy  of  braw  or  ivory,  fixed  to  thai  port  of  the  inilex  which  iilidcs  over  the 
gradiiiiteil  arc,  and  iiBiially  trontains  a  s|iac«  equal  to  21  or  19  diviainns  of  the  hr)ih,4iid 
tt  diviil&l  into  30  equal  jiaris.  Hence  the  difference  lieiween  a  division  on  the  limb, 
and  a  divisinn  on  the  dividing  HcaJe,  is  one  twentieth  of  a  diviHion  of  the  liinh,  nr  one 
minute.  Tlierufore,  if  any  divisioii  on  the  ventiiTr  in  in  the  same  stniight  line  with  a 
division  of  the  limli,  then  no  otlier  division  on  the  vender  can  coincide  with  a  divirion 
of  the  limit,  the  extreme  divisions  exceitted.  Some  lime  ago,  it  was  usLinl  to  reckon  the 
divisions  on  (lie  vernier  from  its  middle  lovnutls  the  riglit,  and  from  the  Icff  towards 
the  middle  ;  hut,  this  l>eing  found  inconvenient,  a  more  commodious  methotl  has  been 
intmluced  of  liumlierins  from  ri|(ht  to  left.  Hence  llie  degree  and  minute  pointed  out 
oy  the  vernier,  may  bo  found  thus; — Observe  what  minute  on  die  vernier  cuincidea 
with  a  division  on  the  limli ;  then  this  tninnte,  being  addRil  lu  tlie  degree  niid  pans  of 
a  degn^e  on  tlie  limb  immediaiely  preceding  the  finit  division  on  the  vernier,  will  be 
the  degivc  and  minute  required.  Thus,  iupiiose  Iff  on  ihe  vernier  coiiicidis  with  a 
division  on  the  limb,  (ind  tniit  the  division  on  the  limb  preceding  the  first  division  of 
tlie  vernier  is  S°  20' ;  the  division  pointed  out  by  the  vernier  wiillie  >f  30'. 

The  index  gUan  F.  is  a  plane  B|ecnliim  or  mirror  of  glass,  quicksilvered  and  set  in 
a  brass  frame.  It  is  so  placed  thai  the  face  of  it  is  perpenilicular  to  the  plane  of  the 
instrument,  and  is  fixed  to  the  index  Iw  the  screw  M  ;  the  other  screw  N  serves  to 
replace  it  In  a  peqiendicular  poaUion,  i^  by  any  accident,  it  has  been  put  out  of  order. 
The  use  of  tliis  mirror  is  to  receive  ilia  rays  from  the  sun,  <v  other  object  oliserved, 
and  reflect  them  towanis  the  borison  ghssea. 

The  korbon  ^taua  G  and  H  ore  two  small  specnliims.  G  b  called  the  /ore  horixim 
Wow,  from  its  lieing  used  in  the  common  or/ore  lAttroalum,  where  the  oliserver's  ftce 
IB  turned  towanis  the  object;  and  H  the  hick  horizon  giau,  Iieing  useil  in  the  lutek 
obmnxUion,  where  the  ohterver^  back  ia  turned  towanis  the  object  These  mirrors 
receive  the  reflected  nya  dxnn  the  index  glass,  and  reflect  them  to  the  eye  of  the 
olMcrver.     'The  horizon  glaMes  are  not  entirely  qiiickKilvered.     The  fore  hor'zon 

ftleB  G  is  only  silvered  on  the  lower  bal^  the  other  half  being  tTnns)Hiren(,  and  tlie 
ck  part  of  the  frame  cut  away,  that  the  horizon,  or  any  otlier  object,  may  U>  aeer 
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through  iL  The  bnck  horizon  gliua  H  is  ulvereil  at  botti  eiidH ;  in  thn  niiildli:  is  a 
tmoHparvnt  alii,  tliniugh  wliicli  the  horizon  may  be  Keen.  Tli«w  two  gluHxea  aro  em 
in  bffUM  frainea,  siniilar  to  that  of  the  iiiiliix  gln>«,  iimi  R.xnl  on  movable  Ihuks,  uhicli 
■re  adjusted  by  Krewe  so  as  to  ael  Hu:  glusies  bi  Ihuir  tnie  iHwiliuna.  In  general  there 
■re  three  dark  gltum  or  ecreecK,  [;  two  red  otica,  of  iliflbreiii  Htuules,  and  one  gn^oii. 
Each  is  aet  in  a  brara  fimne,  which  luma  on  a  centre,  that  they  may  lie  uomI  9e[winitfly 
or  togetlier  They  serve  to  defend  the  fcya  from  ih*-  rays  of  the  sun  .!-ririg  an  ohscr- 
TUion.  The  Ereen  g\ru»  m  pecuharly  adiiptRcl  to  take  otf  the  sliire  of  [he  moon,  but 
may  be  iiaed  (or  the  huq  when  much  obscured  by  clouds.  When  these  glaSHus  uie 
usmI  for  a  fore  obaervation,  they  are  to  be  fixed  bb  in  figure  1 ;  but  when  used  for  a 
bnck  obeerration,  they  are  to  be  placed  ot  O. 

The  gigU  vanes-,  K  and  L,  are  piecea  of  hmss,  etonding  peniendicular  to  the  plane 
of  the  inatnimenL  The  vane  K  is  railed  the/ore  ti^lil  vane,  anil  L  the  back  ttgfd  vaar 
There  are  two  bolea  in  the  fore  sight  vone,  tlie  lower  of  which  aiul  the  ii|i|ifr  edge 
of  the  Bilvered  pari  of  (he  fore  horizoi)  i;Ihss  are  eauidistiint  fnim  the  jilnnc  of  llie 
instrument,  and  the  other  hole  U  opposite  to  the  middle  of  the  IraiiN)mreiit  |Miit  of  that 
gtaat.  The  back  sight  vane  has  one  iierfnraliou,  which  >s  exactly  opposite  to  tlie 
middle  of  the  tiansjiareiit  slit  in  the  back  liori^ton  glnss. 

The  adjtuting  tevtr  (fig.  2L  which  is  fixed  on  the  liack  of  the  miiulnmt,  scrvea  lo 
ailjust  the  horizon  glass,  by  piacijig  it  parallel  to  the  index  gliuss.  When  lliia  lever  is 
to  be  made  utte  oC,  the  sciew  B  mun  be  first  loosened ;  and  when,  by  the  adjttster  A, 
the  horizon  gisa?  is  aiifficiently  moved,  the  v^rew  B  must  be  fastened  again  ;  by  this 
means  the  horizon  glass  will  be  kept  from  changing  its  position. 

To  tu^ust  a  quadrant. 

As  the  quadrant,  fh>m  various  accidents,  is  liable  to  be  out  of  order,  it  is  ne(,e8WLry 
tl>at  the  mariner  should  be  nbte  to  ascertain  the  errors,  and  re-ndjust  the  mtverul  parta, 
before  he  (iiocceds  to  make  ilia  obeervutions.  For  tliia  )iiir[KKK,  he  [iiust  examine 
whether  tlie  index  glass  and  the  horizon  glasses  be  ]ier|>endiculiu-  to  the  ])laiie  of  the 
iiistniment,  and  whether  the  plane  of  the  fort;  horizon  ^Insii  he  parallel,  oiiil  thai  of  the 
.Inrk  horizon  gUias  perpendicular  to  the  plane  of  the  index  glssa,  when  0  on  the  vemiei 
Blonds  against  0  on  the  limb. 

Ibl    To  oiee/tain  vHtdhtr  Vit  iadtx  gtaia  bt  perpetuHevlar  lo  lAc  pltmt  of  lAe  qwtdranl. 

Place  the  index  on  the  middle  of  the  arc,  and  hold  the  index  glass  near  the  eye. 
Look  into  it,  in  a  direction  ]iiirullel  to  the  plane  of  the  insmimeni,  and  see  if  tlie    ' 
reflected  arc  apjiear  exactly  in  a  line  with  the  arc  neen  direct,  or  if  the  image  of  any 
{»ini  of  the  arc  near  8  aii)>ear  of  [he  same  height  as  the  corres ponding  jinn  of  the 
arc  near  C  seen  direct ;  ir  so,  the  index  glow  is  pqHmdii'ulor  lo  the  plane  of  tl\r 

SulrniiE;  if  not,  [he  error  must  be  rectified  by  the  soreWH  on  the  base,  behind  tlin 
me,  by  loosening  the  screw  M,  and  tighteuing  tlie  screw  N,  or  by  looaening  iha 
screw  N,  and  tightenbig  the  screw  M. 

3d.     To  OMeertain  idathtr  tht  Jitrt  horixon  t^nti  be  perpendicultr  lo  the  plane  of  tkt 
quadranL 

Having  adinsied  the  index  gtass,  hold  the  instrument  in  a  vortkal  noeitioii  Look 
iJirough  the  fore  sight  vane,  and  move  ihe  index  till  the  reflected  and  direct  imagps  of 
the  horizon,  seen  in  the  horizon  giam,  coincide.  Then  incline  the  instrument  till  its 
plane  is  nearly  parallel  to  the  horizon  ;  if  the  images  still  coincide,  the  horizon  glass 
nands  perpendicular  ;  otherwise  it  does  not,  anil  must  be  adjusted  bv  the  sorews 
planed  before  and  liehitid  ii,  Imiseninic  one  of  them,  and  tiglitisniiiK  the  oilier. 

This  adjustment  may  he  mnde  by  the  sun,  moon,  or  a  stiu',  by  holding  the  (juadmiil 
in  a  vertical  poshion,  and  olMerving  if  the  ohjixM  seen  by  rellurtioii  a4>))ennt  to  Uie  right 
t)r  left  of  die  object  seen  direct,  aiul  moving  the  screws,  an  above,  till  lioth  image* 
toinciie. 

After  having  made  the  horixnn  and  index  glasses  pnralle],  arconling  to  the  directions 
hi  die  fbllowing  article,  it  will  be  best  to  re-exainine  this  adjiis 

8d.     To  make  Ike  Aortxon  Kla*»  pnrtdlel  lo  the  iiuUx  glau,  tchtn  0  on&t  termer  tlandt 

on  0  on  the  arc 

Hnvinc  fixed  the  index,  «o  that  0  on  the  vernier  stands  on  0  on  the  arc,  look  at  any 

diataut  object,  anil  see  if  llie  imiigF  of  it  coincides  with.the  object  iuiulf;  if  it  doeti,  the 
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BdjustmRiit  B  complete  j  If  not,  ihoy  miiM  be  mode  to  cobiekle  by  meaiw  of  the 
BiljiiRtiiig  lever.  The  horizon  may  he  used  (brlliia  purpose  in  the  fiillowini;  inaiiiier: — 
Hold  the  jilane  of  the  iiistrurnBtit  vertical ;  look  thi-oogli  the  bwer  hole  in  tlie  vatie  I^ 
Hiid  direct  tlie  mghl  tlirough  the  trensiiareiir  [mrt  of  the  glaaa  O  to  the  horizon  ;  llien  il 
the  horizon  line,  seen  in  the  silvered  and  iransporent  ptirt,  coincides,  or  rnakea  one 
struighl  line,  the  horizon  glnae  is  said  to  be  adJNBted  ;  but  if  the  horizon  lines  do  not 
coincide,  slacken  tbn  screw  B  [Gg.  2]  in  the  niiildle  of  ihe  adjualing  lever,  and  turn  lbs 
horizon  glasB  on  its  axia  until  tlie  horizon  liiiea  coincide  ;  then  (ix  the  lever  finnly  by 
tightening  the  screw  B.  If  this  adj-stmcui  be  again  examined,  it  will  {>erliu|«  be  found 
iiiiporfect  In  this  case,  therefore,  it  remains  oitiier  to  repeal  the  adjUBtineut,  or  find 
the  error  of  it  (usually  called  the  ituUz  errorj,  which  may  be  done  thns: — Let  the 
horizon  giasH  remain  fixed,  and  move  the  index  till  the  image  and  object  coincide; 
tlien  ilie  difference  between  0  on  tlie  vernier  and  0  on  the  arc  is  the  index  error, 
which  is  to  l>e  added  to  the  angle  or  altitude  ohoervcd,  if  the  0  on  the  vernier  be 
to  the  right  hand  of  0  ou  the  arc,  otherwise  to  be  subtracted.  Thuo,  if  tite  horizoD 
is  used,  me  instrument  being  hehl  in  a  vertical  posiciou,  you  mtist  look  through  iha 
lower  hole  of  the  vane  K,  towards  the  horizon ;  llien  move  the  index  till  the  reflected 
and  direct  images  of  the  horizon  coincide ;  tbo  difiereiice  between  0  oa  the  vernier 
and  0  on  Ihe  arc  will  be  the  index  error. 

4th.    To  a^utl  Iht  back  horiton  gtatt,  Ouil  il  m 
ittdtx  gtaiM,  loAen  0  on  tAe  vemier 

9et  the  index  as  liir  to  the  right  of  0  on  the  arc,  aa  twice  the  dip  of  the  horizon 

(taken  fVom  Table  XIII.) ;  hold  Uie  quadrant  in  a  vertical  position  {  look  towanls  the 
lorizou  through  the  hole  in  the  hacK  horizon  vane  L,  and  the  transparent  slit  of 
the  back  horizon  glasa  H ;  then,  if  the  reflected  horizon,  which  will  appear  invrrted, 
coincide  with  that  seen  direct,  the  glow  is  truly  adjunted ;  otlierwiae  thescrew,  iu  Ihe 
centre  of  the  lever  on  the  underside  of  the  (inadrant,  must  be  slackened,  and  the  gloai 
tunieil  on  its  axis  till  both  horizons  coincide,  when  tlie  lever  should  be  fixea  by 
ti|^itenhig  tlie  screw. 

e  pUmeqf  the 

Put  the  index  on  0 ;  hold  the  quadrant,  nearly  [larallel  to  the  horizon ;  look  through 
the  hole  on  the  back  sight  vane,  a»d  if  the  true  and  reflected  horizons  appear  iu  the 
same  straight  line,  the  glass  is  iierpendicular  to  the  plane  of  the  instrument ;  but  if 
they  do  not  coincide,  the  sunk  screws,  before  and  behind  the  glaie,  must  be  turned  tiD 
boiti  apj>eBr  to  form  ooe  Boaigbl  line. 

To  take  an  altitude  of  the  stm  by  a  fore  obiervation. 

If  the  sun  ia  bright,  turn  down  one  or  more  of  the  dark  glasses;  hold  the  InBtrumelit 
in  a  vertical  position  ;  apply  the  eye  to  tlie  iipt>er  hole-  in  the  fore  sight  vane,  when 
the  image  is  so  bright  as  to  be  eemi  in  the  transimrent  pan  of  the  fore  horizon  glass, 
otherwise  to  the  lower  hole ;  direct  tlie  sight  to  tliui  |iai1  of  tlie  horizon  beneath  the 
Sim,  and  move  the  index  till  you  brin^  the  image  of  bis  lower  limb  to  touch  Ihe 
horizon  directly  under  it;  but  as  this  |foint  cainiut  oe  exactly  ascertained,  the  ol»en'er 
should  move  the  instrument  round  to  the  right  and  lef)  a  little,  keeping,  as  nearly  as 
poniible,  die  sun  always  in  that  part  of  the  horizon  glass  which  is  at  Uie  same  distance 
as  the  eye  from  the  plane  of  the  c(uadram;*  by  tliis  motion  the  sun  will  appear  to 
■weep  the  horizon,  anil  must  be  moile  to  touch  it  nt  the  lowest  part  of  the  arc ;  the 
degrees  and  minutes  pobited  out  by  the  index,  will  bo  the  observed  altitude  of  the 
Mill's  lower  limb  at  that  instant. 

To  take  aa  aUitvde  of  the  moon  by  a  fore  observation. 

In  tlie  night,  when  the  moon  is  bright,  her  image  mav  t>e  seea  in  the  tnuisparont 
pan  of  tlie  Tore  horizon  giass,  ujid  tlie  olmervation  may  Eie  taken  exactly  in  tlie  same 

■  In  fommnn  qiiBd  Bills,  ir  ihe  upiier  hnleSc  looked  through,  Ihe  sun'j  image  must  be  mode  lo  appeal 
in  Ihe  mliliilc  af  iiw  iiniupflrpiil  pan  nf  tht.'  horiuiii  ^au;  liul  If  (he  loorr  linle  he  looked  ihiou^lMkt 

riaii,  IU  ihitM  parii  of  ihe  hiiiiuiii  f:\rat  are  u  ibe  uine  <^iiiuicea  froia  Ihe  plaue  of  Ihe  iailnuneui,  x 
Uw  boleii  Millie ii4(fa  vaiiet  »>peclivel>'. 
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maaDer  u  ui  obeervntioa  of  the  sun.  ir  the  image  is  so  fBint  as  not  to  t>e  seen  in  tha 
trauspurent  part  of  the  horizon  glaaa,  ^qu  luiist  net  tlie  index  to  0 ;  hold  the  jiliuie  of 
the  qiuidiBiit  iu  a  veriicai  uosition  ;  direct  the  sight  to  tliH  moon,  aiid,  at  tlie  eniiia 
time,  look  for  her  reflected  iniojjo  m  the  silvered  part  of  the  horizon  ^iaas  j  move  the 
iDdex  forward  till  tlie  moon's  image  (wliiuli  will  Hii|iear  to  descend)  juM  loucliea  the 
horizoH ;  then  iiwee|i  the  quutraiil  as  iu  observing  the  auu,  and  lirinjr  her  miiiid  limb 
10  contact  with  the  horizon,  whether  it  lie  her  upi>er  or  lower.  The  degiueH  and 
miniiteB  pointed  out  by  the  index,  will  be  the  observed  altitude  of  that  lunb  which 
WOB  brought  in  contact  with  the  horizon. 

To  take  an  attitude  of  a  star  by  a  fore  observation. 


To  lake  the  sun's  altitude  by  a  back  observation, 
a  tlie  hole  O,  and  turn  o] 


tin:  index  till  the  auii'it  image  is  seen  in  the  ailvered  part  of  theglaiH;  give  the  igunilranl 
a  alow  vibralory  iiiritioTi,  ami  the  sun  will  upjiear  to  deacrilMs  an  arc  with  its  uoiivex 
■iile  upwiinl ;  lu-iu^  the  up|)er  limt),  when  in  llie  upt>er  pan  of  thia  arc,  in  coiila<u  with 
that  pan  of  the  liorizon  seen  through  the  truiispurenl  slit,  anil  the  degreca  mid  minutes 
pointed  uut  by  the  index  will  be  the  altiiuile  of  the  sun's  Icwer  limb.  The  altitude  of 
the  moon,  or  a  star,  may  be  ohtahied  ui  the  same  manner,  only  obeervtug  to  bring  the 
kmnmI  edge  of  the  moun  to  the  horizon. 

TIte  luck  observation  is  but  litlle  used,  en  account  of  the  difBculty  of  ailjiisiing  and 
obxervitig.  Various  n!me<lie«  have  been  |)ro)HiHed  for  thuse  ilefecia,  but  none  have  vet 
oeeii  (Teiieially  adopted.  The  buck  ubservalion  of  the  altitude  of  any  object,  is  iisffnl 
only  when  there  is  not  an  open  horizon  fiir  the  fore  oliservatjon ;  hut  even  in  that  case, 
tlie  fore  ob«i.'rvtition  ttiuy  often  be  used.  If  the  distance  of  the  horizon  be  known,  a> 
trill  be  explained  liereaHer.* 

To  observe  the  meridian  altitude  of  any  celestial  object  by  a  fore  obseroatton. 

When  the  object  rises  and  seta,  it  comes  to  the  meridian  above  the  horizon  only 
once  ill  34  hours,  and  is  then  at  its  greatest  altitude ;  and  by  observing  it,  tlie  latitude 
may  be  easily  detemiine<l.  The  wiq  comes  to  the  meridian  exactly  at  poon.  or  13 
o'clock  upjuireiit  time ;  the  moon  and  stais  at  various  houni.  To  observe  the  meiidiuu 
altitude,  liegin  a  few  minutes  Itefnre  the  lime  of  jiasaing  the  meridian ;  bring  the  object 
to  swei;p  the  horizon,  accoriliiig  to  tlie  preceding  directions ;  this  operation  iiiusi  be 
Rented  until  the  object  begins  to  descend  below  the  edge  of  the  sea;  the  degrees  and 
iminitis'  then  shoivn  liy  the  index  will  be  the  meridian  altitude. 

If  tlie  rdiject  does  not  set,  it  comes  to  the  meridian  below  the  {mle,  and  is  then  at  its 
least  altitude ;  this  altitude  ma^  be  observed  as  above  directed,  witli  this  iilf)i:rt;Dce, 
Ihu  ^ou  must  continue  nweepuig  till  the  object  be^ns  to  rise  above  the  edge  of  tlie 
sea,  uistead  of  desirending  lielow  it. 

The  meridiiiQ  altitude  of  any  object  ma;  be  taken  in  a  rimilar  manner  by  a  back 
observation. 

-Strictly  speaking,  this  method  of  finding  the  meridian  altitude  is  not  absolutely 
acciirHic,  except  the  shiji  he  at  rem,  and  the  sun  s  declination  iMmstant.  For  if  the 
■hip  is  suiting  towonle  the  sun,  the  nilituile  will  t>e  incrvosed ;  but  the  altitude  will  be 
decreaseil  in  sailing  from  the  sun.  The  correction  of  altitude  arising  from  this  source 
is  gt'iierally  very  sinalL  and  it  may  be  neglected  in  most  cases,  as  will  he  shown 
herealter. 

Advice  to  seajnai  in  the  choice  of  a  quadrant. 

The  joints  of  the  frame  mum  be  close,  without  the  least  0)>eoing  or  looseness,  anil 
Hie  ivory  on  the  arc  inlaid  and  fixed,  so  as  not  to  rise  in  any  jilace  aliove  thu  plane  of 
the  instniiiienl ;  all  the  iliviKions  of  the  arc  and  vernier  must  be  exceedingly  fine  and 
itniight,  *io  that  no  two  divisions  of  the  vernier  (exceiK  the  first  and  lom)  boincidi.',  at 
the  B»ne  time,  with  the  diviraons  of  the  axv.   Ail  the  glaaaea  belonging  to  the  quadiimt 
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■huiilil  nave  their  sur&cei  periecdy  plane,  and  dieir  fbre  and  hack  erurftcea  eiaellj 
immlle. ;  thb  mnf  be  veriliBcl,  in  the  ^jorizon.glaie  and  tnilex  ginsti,  by  nutans  of  two 
dbflaiit  olijeclH,  in  the  following  manner: — Move  Lhe  index  uli  liotli  objecli<  nre  exa>:lly 
in  contact,  at  the  upper  eiige  or  tlie  silvered  unit  of  the  horizon  glnas ;  ilien  move  the 
qundruni  in  its  own  plane,  so  as  to  jnnke  the  united  iniii^  move  alons  the  line, 
•epuratinc  the  Bilvereil  Ironj  the  tTBiiH])arent  part  of  ttie  hiinxnn  glass ;  anil  i(^  in  this 
motion,  iTie  images  continue  united,  the  reflecting  Burlaces  are  good  planes,  otherwiae 
die  pianea  are  iiniwrfert.  To  examine  the  dark  glasHea,  we  iniiHt  bring  tlie  image  of  a 
disuiiit  object  to  coincide  with  tlie  object  aeen  directly ;  then  turn  the  coloreil  gtaw  K> 
that  the  plane  wliicli  waa  riext  to  the  index  plusi  may  now  be  nt'xt  to  the  horizoa 
iflasa,  and  if  tlie  direct  aod  reflected  imifea  ndl  cokicule,  the  mirftcee  of  the  glow  an 
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DESCRIPTION    AND    USE   OF    A    SEXTANT 
OF   REFLECTION. 


A  SBiTAfTF  is  Gonecructed  on  the  same  principles,  uii)  may  be  uboI  for  meosunng 
tltitiidea  in  the  same  iiiuiiiier,  as  u  quaJnuit.*  The  arc  of  a  aextnnt,  as  its  name 
nnpliea,  conisina  <iO°,  but,  by  reason  of  the  double  reflection,  is  divided  into  130°. 
This  innrAiiieut  ix  itarticularly  intended  u>  meaeuiv  the  distance  of  the  moon  fhim  the 
•un,  a  (iluiiet,  or  a  nxeil  stiir ;  and  as  that  distance  is  wanted  as  accurately  as  pomihle, 
Co  dstemiine  tlie longitude  of  tbe  place  of  obaervalion,  the  instrument  is  constritrted 
with  more  care,  and  is  provided  with  some  additional  appendage  tliat  are  nut  in  the 
qiiadmhL  Plate  IX.,  figure  3.  repreeente  a  sextant,  the  frame  being  gennndlyjnaiie  of 
brasB,  or  other  honl  iiiettil ;  the  handle  at  its  beck  is  made  of  wood.  When  olMerving, 
the  insinimeni  is  to  l«  liejd  with  one  hand^by  the  handle,  while  the  other  liHiid  moves 
the  inilex.  Tlie  arc  AA  is  divided  bio  ISCT,  each  degree  into  3  pans  of  30  minutes 
each,  and  tlic  vernier  srale  is  in  general  so  diviiled  as  to  show  half  or  a  qiinrttr  of  a 
minute.  In  some  iwxtunts,  tlie  degree  is  divided  into  six  equal  ports,  of  1(V  eacb,  and 
the  vernier  shows  10". 

In  order  to  oliserve  with  accuracy,  and  make  the  images  come  precisely  in  contact, 
a  lajifftnl  terete  B  is  fixed  to  tbe  index,  and  by  this  it  can  tie  moved  with  greater 
regulurity  than  it  ran  be  by  tinnd ;  but  the  screw  B  does  not  act  until  the  index  is 
Gxetl  by  the  screw  C,  at  liie  back  of  tlie  sextant.  Care  must  be  taken  not  to  force  the 
tangent  screw,  when  it  arrives  at  either  extremity  of  its  btg.  When  the  inilex  is  to  be 
moved  any  cniiKidi:ralile  quantity,  ctie  screw  C  must  be  loosened  ;  and  when  the  index 
is  l>rouglit  nearly  to  the  division  required,  the  back  screw  C  must  be  liglitened,  and 
then  tlie  Index  nioreil  gradually  by  the  tangent  screw. 

In  many  sextants,  the  lower  part  of  the  index  giasa,  or  that  next  the  plane  of  tb^ 
instnimeiil,  is  silvered  as  usual,  and  tbe  back  surface  of  the  uiiper  part  painted  black ; 
a  m-ivait,  painttxl  black,  is  lixcd  by  its  axis  to  tbe  base  of  the  index  glass,  and  may  bo 
plar«cl  over  the  silvcreil  jinrt  when  the  rays  are  strong;  in  this  case,  the  ijnoge  in  to  be 
reflectnl  from  tlie  outer  surface  of  tbe  upper  part,  and  the  error  which  might  possibly 
arise  trom  tiie  jilanes  of  the  glass  not  being  parallel,  is  thereby  avoided. 

The  colored  glasses  are  similar  to  those  applied  to  a  common  nuadrant,  and  are 
iiaually  fottr  in  niimlKr,  placed  at  D,  to  screen  the  eye  from  the  solar  rays,  and  the 
glare  of  the  moon ;  they  may  be  ti8e<l  separately  or  together,  as  occiiBion  requin^s.  In 
addition  to  these,  there  ore  Uiree  similar  glaieea,  placL'd  behind  the  bori/.oii  glass,  to 
be  used  in  tiniling  the  index  error  by  means  of  the  sun,  and  in  observing  tlie  sun's 
altitude,  by  an  artificial  horizon  on  land.  Thu  |ialer  glas  is  sometimes  ikted  in 
olKervinr  altitudes  at  sea,  to  take  oflT  the  strong  ^are  of  the  horizon  below  the  sun, 
arising  muii  the  sun's  light,  reflected  irregularly  from  the  small  rippUng  waves — an 
apiieanince  wliich  has  intely  been  called  kumata^e. 

.  A  sextant  is  generally  furnished  with  a  tube  without  giaeses,  and  two  telescopes,  the 
one  representing  the  objects  erect  or  in  their  natural  situation,  the  other  inverting  them, 

ahiiade  of  any  releiiial  object  he  ^aier  ilian  60°,  ibe  lupiilcmeiii  of  ihe  aliiiuJc  mi}'  be  obiniiied  by 
a  hatk  ohservalioii,  wilh  a  Kjiani,  wiib  eaae  and  arcuro<Ty  ;  and  m  this  meilind  may  hs  uflpii  uicd 
with  advaniage,  when  a  tore  nhwrvairon  cannoi  be  oViUiiied,  wc  iba)!  be™  poini  out  ibe  ineihml  of 
lakiig  ihe  otiiefvaiion,  and  thAJI  hefoafler  pvc  ih«  calculitioiii  for  deiermining  the  Istiiude  from  a 

move  the  iniei  ill]  Ihe  inrnn  of  ihe  sun  muche*  ih«  edge  of  ibe  buck  hnriion,  and  then  oiove  Ihc  seilani 

(jde  upward ;  move  Ihe  indeit  lilt  Iho  lower  limb  nr  ihe  image,  when  in  iho  iippei  pan  of  ihe  air,  jtui 
■     ■     ■  "he  obnervalioii  will  be  complrle ;  ofwervii.^  dial,  if  Ihe  teleicope  be  used,  Ihe 

Ibe  middls  between  Ibe  iwa  piiraDpl  wirei ;  bui  if  the  leleicope  he  noi  uied, 

I  eye  or  tbe  obHrver.    'Hn  aliiiude  thus  ol)iaiiiee<  will  ba  the  tupplcmenl  otlbe  sliiiurl* 
Br  limb.    Un  coireetioiM  lo  be  applied  lo  oblaia  Ibe  mie  cealiftl  aJlilode,  will  be  fivaa 
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■he  eye-glass  being  fixed  in  a  movable  tube,  in  order  to  adjust  the  telescope  to  a 
proper  focus.  By  means  of  these  telescopes,  the  line  of  BiKht  niay  be  rendered  paraUei 
to  tne  plane  of  the  instrument,  end  the  contact  of  the  limDS  of  nny  two  objecis  more 
accumtely  observed.  The  tube,  or  either  telescope,  is  to  be  screwed  into  a  brass  ring, 
which  is  connected  with  another  bras  ring  by  means  of  two  screws;  and  by  looainiing 
one,  and  tightening  the  other,  the  nxis  of  the  tube  or  te1esco|>e  tnay  \k  set  parallel  to 
the  plane  of  the  inntrument.  One  of  theoe  rings  is  fixed  to  a  brass  str^ni,  winch  slidea 
in  a  socket;  and  by  means  of  the  screw  L,at  tlie  baek  of  the  sextant,  it  iiiav  be  raised 
or  lowered  so  as  to  move  the  a:(iB  of  the  telescope  to  point  to  that  pan  of  Uie  htmKon 
^ass  judged  the  most  fit  for  observatiiHi. 

A  circiilnr  head,  cotitaininp;  a  plate,  in  which  there  are  three  colored  glaives,  and  a 
'  part  that  is  o|>en,  sometimes  accompanies  the  sextant ;  this  head  is  to  be  screwed  on 
the  eye  en>l  of  the  tube,  or  on  that  of  either  telesco)>e.  The  edge  of  the  plate  prcijecis 
a  little  beyond  the  hcail  on  one  side,  and  is  movdble  by  the  nn^cr,  ho  that  the  open 
rbg,  or  any  of  the  colored  glasses,  may  be  brought  between  tlic  t^ye-glass  of  the 
telescope  and  the  eye  ;  this  answers  the  punxne  ot  the  dari:  glasses  placed  at  G,  Id 
adjnHting  by  the  sim,  or  observing  by  an  artiftciaj  horizon  on  land 

To  these  are  added  a  small  screw-ib-ivcr,  to  adjust  the  screws,  and  a  biagnifying 
glafs,  to  reiid  olT  the  obsen'ation  with  greater  accuracy. 

The  adj'.istinents  of  a  sextant  are  similar  to  those  of  a  quadrant ;  the  index  and 
hori/on  glasses  must  be  pcrpenilicular  to  the  plane  of  the  instrument,  and  their  plonee 
paralleltto  each  other  when  tlie  index  stands  on  0;  also  the  axis  of  the  telescope  riiusl 
be  set  itaruDel  to  the  plane  of  the  instrument ;  each  of  these  particulars  must  be 
exBtnined  Iwfbre  an  observation  is  taken  ind  the  adjustments,  if  requisite,  niada 
kcconiiiig  to  the  fbllowing  directions : — 

1st.     To  set  the  index  glass  perpendicular  to  the  plane  of  the  inslrvment. 


2d.     To  tnaite  the  horizon  glass  perpettdicular  to  the  plane  of  the  sextant. 

This  sdjusmient  is  made  exactly  m  the  aame  manner  as  that  of  the  quadrant, 
described  in  page  129,  excejit  that,  instead  of  looking  tlirough  tlie  night  vane,  you  nii^r 
use  the  tube,  or  a  telescope. 

To  make  the  horizon  glass  and  index  glass  parallel  when  the  intlrx  is  on  0. 

Having  made  the  foregoing  adjustments,  set  the  first  division  ^n  the  index  at  0  on 
the  limb; 'fasten  the  index  in  this  position,  and  make  the  coincideurL  ofiliefe  diviaiotu 
as  i^rfupt  as  poflsible,  by  means  of  the  tangent  screw,  the  eye  being  assisted  by  the 
magnifying  gloss ;  screw  the  tube,  or  telescope,  into  its  siipnort,  an<l  turn  the  screw  L, 
at  the  hack  of  the  instrument,  til)  the  line  whicit  separates  the  traiis|iarcnt  and  silvered 
|mrts  of  the  horizon  glass  appeojs  in  the  middle  of  the  tube  or  icUf  copi- ;  havuig  done 
this,  hold  the  plane  of  the  sextant  vertically,  and  direct  the  sight  tliniiigh  the  tube  or 
telesci|)e  to  the  horizon ;  then,  if  the  r«f|pcloit  and  tnie  horizons  dn  not  coini'idi:,  turn 
the  tangent  screw  at  the  Ixick  of  the  horizon  glass  till  they  are  made  to  ajipear  in  tha 
nnie  sctnight  line.    Then  will  the  horizon  ^ass  be  adjusted. 

After  the  screw  that  retains  the  horizon  glass  in  its  place  is  fjMened,  it  will  lie 
pn>ppr  to  re-examine  this  adjustment;  if  the  coincidence  of  rhe  horizons  is  not  perfect, 
the  ajljnstment  must  he  repeated  till  it  ts  so ;  bin  as  it  is  difficult  to  ol»uin  a  perfect 
ccinriilence  by  this  m^■ans,  the  horizons  may  be  brought  to  coiiiciile  tiy  tiiniing  Che 
tangent  screw  of  the  index ;  anri  the  difference  between  the  0  on  the  arc  and  the  0  on 
the  vernier  will  be  tlie  index  error,  which  is  additive  to  all  olisorviuions  if  thn  0  of 
the  index  stand  on  the  extra  arc,  olhervfise  snhlractive.  The  index  error  may  also  be 
(bund  very  aecumtely,  by  meustiring  ihe  diameter  of  Che  sun  twice,  with  a  motion  ot 
tiie  judex  in  contraiy  directions ;  that  is,  Hist  bring  the  upper  limb,  stHsn  by  reltcction, 
to  coincide  with  the  lower  limb  seen  directly ;  then  bring  the  lower  limb  by  rntlfciion 
to  cninride  with  the  ii|i|ier  seen  directly,  ff  IxHh  tfiese  measures  are  taken  either  m 
the  rijfhi  or  left  of  0  on  Ihe  limb,  half  Uteir  sum  will  lie  the  index  error;  ailditive  if  to 
the  riglil  of  0^  subtraetive  if  to  the  left:  bin  if  one  of  the  tneoKiires  be  taken  to  ;he 
right,  and  the  otiier  to  the  lefl  of  0,  half  their  difference  will  be  the  index  error,  which 
V  ill  Ih!  additive  when  thp  clinmeter  measured  to  the  riglit  of  0  exreeds  tiiat  mi-asured 
tu  the  left,  otherwise  subtisctive.    Thus,  if  the  measures  were  itij'  to  llie  left  of  U  OH 
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le  riKht'  on  the  extra  arc,  half  ilie  diiference,  or  &,  lyoiild  ht  tlia 
B.     la  some  sextants,  the  liorizoii  glas  cannot  be  ailjuateil ;  iIm: 

index  enor  must  in  thai  raise  be  fouiirl,  wid  m«M  be  considered  aa  a  constaitt  quantity 

to  be  applied  to  all  angles  memured  witli  the  same  iiiEtnimenL 

To  set  Iht  oris  of  the  teltscopt  parallel  to  the  plane  of  the  sextant. 

Id  measuring  angular  distance^  tKe  line  of  eifrht,  or  axis  of  the  tclesRope,  miiKt  be 
panllel  to  tlie  nlHiie  of  the  inHtnitneiit,  as  a  deviation  in  that  re8|K;ct,  in  ineutinrliig 
Urge  ajiffleB,  will  ocoBsion  a  coiihideriiiilH  error.  To  avoid  this, » teli«i'n|ie  is  iiiade  i\^ 
of^  ill  Wliieh  are  placed  two  wires,  |iarallel  to  each  otlier,  and  eqiiidlMniit  from  i)ie 
centre  of  tlie  telescofte;  by  means  of  thme  wiital,  the  adjliatineiit  may  l)e  iiiado  in  tlie- 
following  iiiiuiiier:— ^rrcw  on  the  teltnK-in)e,aiid  turn  the  tube  containing  tlio  eye-gli is* 
till  the  wires  are  |iui»llel  to  the  plane  of  the  instruiiient;  then  ttelcct  two  oiijc(rtM,  iis 
the  sun  and  moon,  whose  Biigiilor  disuince  must  not  be  less  than  90°,>lKH'HU)ie  an  en-cir 
is  more  easily  disi-overed  when  tlie  distance  is  great ;  bring  tlie  reflected  image  of  the 
iun  exactly  hi  couinct  with  the  direct  image  of  the  tnoon,  nt  the  wire  nean^  ihi-  jilnne 
of  the  sextant,  and  fix  the  index ;  then,  by  altering  a  little  the  {HMition  of  the  iiiKlni- 
menl,  malte  the  objects  ap|)ear  on  the  other  wire ;  d*  tlie  contact  still  remnins  jierferi, 
tite  axis  of  the  tclcscoiw  »  in  its  ri);lii  situation ;  but,  if  the  llml»  of  the  tno  olijcrts 
appear  to  separate  or  lagi  over,  at  the  wire  which  is  farthest  from  the  plane  of  the 
■extiuit,  the  telesco|i«  is  not  parallel,  olid  it  must  be  rectitieil  by  turning  ono  of  the  t»~o 
Bcn;wB  of  the  ring  into  whicli  the  ieleHco|ie  is  screwed  and  fixed,  having  ]irevioii«ly 
uniiinied  the  other  screw  ;  by  repealing  this  o|ierHtioii  a  few  times,  ilie  coninct  will  lie 
precisely  the  aaiiie  at  both  wires,  and  llie  axis  of  the  telescope  will  be  panUlcl  to  the 
plane  of  tlie  imurumenut 

In  order  to  eallinate  the  error  coiniriiTted  in  not  oliserving  the  contact  of  the  oiijccig 
in  the  mkldte,  iMrtween  the  two  parallel  wires  of  the  lr>kt<ri>|ie,  it  is  neressary  to  knuw 
the  angular  distance  of  these  wires.  This  may  l)e  found  as  follows; — Turn  round 
the  eye-piece  .of  the  telescope,  (ill  the  wiri«  are  |>er|iendiculur  to  the  jilane  of  tlie 
instrument ;  hnld  the  InBtnimenl  in  a  vertical  |iasitloH,  and  move  the  mdex  till  tlie 
dire'ct  and  reflected  iniages  of  the  horizon  apjiear  in  the  same  line,  which  will  happen 
when  the  index  is  at  0,  if  the  insinunent  lie  well  niljustnl ;  then  inove  the  imlex  till 
the  reflected  image  of  the  horivion  lie  at  otie  wire,  and  the  direct  image  at  the  oiIict; 
the  angle  moved  Ihrongh  by  the  hidex,  as  shown  liy  the  divisions  of  ilie  arc,  will  lie 
the  angular  distance  of  (he  two  wires.  This  oiigiilor  distance  being  olitained,  the 
oheerver  may,  by  means  of  it,  estimate,  at  each  olMcrvotion,  how  much  tlie  place  where 
the  contact  is  oheerved  is  etevateil  alHive,  or  deprtwiieil  Ih'Iow.  the  plane  iiassiiig  thmiiifh 
tlic  eve  and  the  middle  line  Iwrwei-ii  the  two  jiorBllel  wirLii ;  the  currucrion  in  Table 
XX?iV.,  corres|H)nding  to  this  angle.  Is  to  be  suhiracrcfl  from  the  observed  angular 
distance  of  the  objects.  Tims,  if  iti'^  distance  between  tiie  wires  be  3°,  one  of  thitin 
will  he  elevated  above  ttw  plane  1°  ■'W,  and  the  other  depressed  as  mtich  lielow  it ;  iiikI 
if,  in  taking  an  observation,  the  point  of  coninct  is  estimated  tp  he  one  thini  part  of  the 
distance  fVom  the  middle  towanis  either  wire,  the  angle  of  elevation  or  dejiression  will 
be  one  third  part  of  1°  SC,  or  Sff  i  and  if  the  observed  distance  lie  100°,  the  coiTcctiim 
in  Table  XXXV.  will  be  W,  snlrtractive  from  tlie  oliserved  angle,  which  will  ih.-iv- 
fore  he  UXF  — 19"  =!J'J°  5y  41".     In  general,  it  will  no 


To  measure  the  distance  between  the  sun  and  mr.tni. 

Screw  on  the  telescope,  and  jJace  the  wires  parallel  to  tlie  plane  of  the  instniment ; 
then,  if  the  imlex  glato  la  liulf  silvered  anil  half  blacked,  and  the  sun  very  bright,  raiwe 
the  plate  bejbre  the  silvered  |iart  of  the  ghtBB,and,  with  the  screw  L,  raise  the  telcscojie 


luming  19'  at  I',  IS'  a."' 
ilei  and  Sy.    Thus,  if  th 


^     _ r  (irailar  lo  Uisl  by  wbirh  the  graduBiion  w 

iffiae6  n 


elim 

orp 

aiH^ 

d,  ai  abnui 

1!  or  lA  reel  illxnn 

cc.  Ib 

a  well 

»ed; 

ge 

«lh  the  idwtope,  tc 

Uw  Hme  'ilraiehl  lin 

q  wilh 

iheiop 

\o^ 

ttlBr™,  hy  m«m> 

^  L  till  lh«  ceiurc  uf 

tlie   a 

IttM 

hei^iMil^Biupoftbe 

nilei;  ihen 

kimI.'!. 

il«ieleM= 

pe. 

iawiiadjiDledii 

HW,  ii  miu 

be  «Jle.ed  i>y  meaiu 

ofUio 

136  USE  OF  A  SEXTANT  OF  REFLECTIOB. 

to  tlie  tnnspareDt  pert  of  the  horizon  glas ;  turn  down  one  or  rm  le  r>f 
gInaseB,  iLccnnliiiK  lo  the  brightneie  of  the  sun ;  then  hold  the  Bextant  so  tnn 
iiiuy  \iaas  iljruugli  the  sun  uid  [tioon  ;  ifthe  sun  be  lo  the_ right  baud  if  the  . 
■exwnfiS'to  beliBM  wittr-hB  Itiw  npwarrts;  if  lu  the  1^' (mini,  the  fhuiisi 
downvrards;  with  the  instrument  iti  this  position,  look  directly  at  the  moo: 
^le  telescope,  and  move  the  index  Torwiird  till  tho  biid'p  image  is  brought  n       ... 
<|ontact  with  the  moon's  neoreat  limb;   then  fix  the  index  Dy  the  srrew  underkhtt 
*xiaiit,  anii  make  the  conuict  i>crfept  hy  means  of  the  tangent  ssrew  ;  at  tlif  -'-- - 
(me,  move  the  sextant  slowly,  making  the  axis  of  the  telescope  the  centre  of  it  , 

iy  this  means  the  olijecta  wiU  pass  each  other,  and  the  contact  be  moie  occurajely 
oiade ;  olnerring  thnt  die  iicint  of  contact  of  the  limbe  inuBt  aJwmys  be  observed  inhhe  . 
ihiddle  between  tlie  pataTlitl  wires.  Tlie  obaervatton  being  thus  inade,  the  index  will 
^iiit  out  the  distouce  of  llie  nearest  limb*  of  the  Bt{n  and  moon. 


To  measur:  the  diitatia  between  the  vmoh  and  a  star. 


t 


Turn  down  one  of  the  screens,  if  the  moon  is  biieht,and  direct  the  plane  of  the 
(nstrument  through  both  objects,  with  its  face  upwarilR,  if  the  moon  in  to  die  riglil  of 
^lestar;  but_  if  to  the  left,  the  face  is  to  be  held  downwards;  look  at  the  star  throhgb 
the  telesco|>e'  and  tnuisparent  part  of  the  horizon  gluie,  and  move  the  index  till  the 
moon's  image  B|i|fears  nearly  in  contact  with  the  star;  fasten  the  iudiix,  move. the 
sextant  round  the  axis  of  the  telescoiic,  os  in  measuring  the  diHtiince  of  the  sun  and 
nioOD,  and  turn  the  tangent  screw,  lilt  the  coi[ic;idence  of  the  plar,  and  the  enlightened 
•r  roiaid  limb  of  the  moon  Is  perfect ;  ohservine  that  the  ]>oint  of  conlncl  of  the  limb 
ef  the  moon  and  star  must  always  be  in  the  niiddle  lieiwcen  the  parallel  wiren.  Thn 
^litwrvation  lieing  thus  matle,  the  index  will  pohit  out  the  disttuice  of  the  enlighti^ied 
pinb  of  tlio  moon  liroiu  die  star,  whether  it  be  the  farthest  or  nearest  limb. 

Verification  of  the  parallelism  of  the  index  glass. 

This  verification  is  to  be  maite  asliore,  by  observing  the  angular  distancA  of  rwo 
well-defined  ohjects,  whose  distance  uXL-eeds  SJO°  or  100°  (having  previomly 'well 
ailjnstud  the  instmiiiem),  tlieu  taking  out  the  central  mirror,  and  tuminz  it, so  that  the 
edf;e  which  was  fomierly  up|)eniiost  ii<ay  now  lie  ncarust  the  plimeof  iTiir  instnnnent; 
rectify  its  posiiiun,  and  nsuin  meainire  the  distani:e  of  the  two  obje<:ts ;  liall'  the  differ* 
f  nee  betwenii  these  two  uLitancee  will  he  tlie  error  of  the  oheerved  an^e  absing  fVnm 
tlie  defect  of  immllelism  of  the  central  mirror.  If  the  linn  distance  exceeds  the  second, 
the  erroi  is  sulilmctive,  ntherwise  additive,  the  mirror  being  in  its  firxt  position ;  hut 
the  conuvy  when  in  its  M-[:ond  ))osition.  Thus,  if  the  tirel  distnnre  wns  U9°  S&  31', 
und  the  second  120°  0"  3!>'',  llie  error  would  be  3!>",  additive  when  the  mirror  was  in 
it:<  first  }>osition,  mihttHCtive  for  ihe  spcond.  The  error  for  any  other  angle  may  Iv 
Ibund  by  means  of  col.  2d  Talile  XXXIV.,  when  the  inclination  of  the  plane  of  the 
Iturtzon  glass  to  tlie  axis  of  the  icIe8CO|ie  is  80°,  by  saying,  As  the  tabular  correction 
riirruttpnnding  to  120°  (^  4'  5")  is  to  tlie  error  of  the  glass  3!>",  so  is  the  talMilar  error 
tor  any  other  angle,  as  85°  (^  1'  15"),  to  the  corresponding  error  of  the  glass  12".  In 
tliis  maimer  a  table  of  errors  may  be  made  for  alt  angles.* 

Till!  angle  tietween  the  plane  of  tlie  horision  gloss  and  Axisof  the  telescope  produced 
)i>-ing  constant  in  alt  oliRcrvntions  and  aitjustinunts  of  the  sextant,  no  error  con  arise 
from  the  want  of  parallclisTn  of  its  surfiices. 

Verification  of  the  parallelism  of  the  svrfar.es  of  the  colored  glasses. 

Turn  down  tlie  glaw  at  D  which  is  to  lie  examinefl,  and  another  at  E  to  defend  the 
eye  from  the  sini ;  dintrt  the  telescope  to  the  smi,  and  move  the  index  till  its  direct 
and  rcfli'ded  iniagi>8  coiliriile  ;  then  turn  tlie  darit  glass  at  D  ao  that  the  surlacc  which 
was  (arthmt  front-  tlie  liorizon  glaim  may  now  be  neuiyst  to  it,  and  if  the  contact  of  the 
same  two  tlmhs  be  compli^te,  the  eiir^iri'S  of  thin  glim  are  iiai-allel ;  but  if  ilipj  lap 
over  or  setierute,  tlie  index  inUHl  lie  moved  to  bring  Ihein  again  in  contact ;  llien  half 
the  arc  insseil  over  by  the  index  will  I>p  the  error  arising  from  the  want  of  [Hinill^lisin 
«f  the  glass  at  D.  It'a  defr^ci  of  tliis  kind  is  found  in  any  one  of  these  colored  gti^ta^ 
it  is  b<«  to  avoid  ilie  use  of  it  altogetlier. 
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DESCRIPTIOIV  AND  USES  OF  THE  CIRCLE 
OF  REFLECTION. 


The  Circle  of  Reflection  vraa  inventad  by  the  celebrated  Pmremor  Mmrr,  of 
Groiiuigrn,  and  has  since  been  peatly  iin|>i>:veil  by  the  Clievaiier  Dt  Borda,  Mr. 
Tnm^htoTi,  and  Mr.  MnuUaa  t/  Aim.  In  ita  present  iinjiroved  mntti,  it  hua  u  dei^ided 
BUpenority  over  (he  sextant,  in  meaHuring  the  distance  of  the  moon  from  the  tnai  or 
a  Btar,  on  ncRount  of  its  correcting,  in  a  great  measure,  the  arrora  arj^iiig  from  a  faulty 
division  of  the  limb,  want  of  uamllelisin  in  the  surfaces  of  the  mirrors  and  colored 
glasses,  aud  entirely  avoiding  the  ernir  which  might  arise  in  a  sextant  Iruiii  the  niirrorv 
not  being  parallel  when  the  iiulex  ia  on  0. 

Figure  1,  Plate  X.,  represents  the  Circle  of  Reflection,  aa  given  liy  De  BonliL.  It 
figure  2  is  a  section  of  die  same  instrument,  marked  with  the  siiine  If ttera  of  rt-ti-riMice 
as  in  figure  1.  The  principal  paits  of  this  instnunent  are,  the  i-irculnr  liuih  LMV; 
the  ceiitnil  index  EF  ;  the  horizon  iiulex  MD;  the  central  glass  or  mirror  A;  the 
horizon  g(aM  or  mirror  H ;  the  telesi:o|ie  GH  ;  tJie  coUired  glHssea,  figures  3,  4 ;  the 
huiidle,  ligure  5 ;  tlie  ventelle,  figure  6 ;  and  the  adjusting  tool,  figure  7. 

The  limb  of  the  intbvmaU  LMV  is  s  complete  circle  of  metal,  and  is  connected 
with  H  pKrturated  central  plate  hy  six  redii ;  it  is  diviiled  into  720°,  l>e>-jiufle  of  the 
dotilile  n-fiiH^ton  ;  each  <legreo  is  genemlly  divided  hito  iliree  eipial  parts,  and  the 
diviwon  is  carriiHl  to  rtiinutea,  or  lower,  by  means  of  tlie  vemierH  <if  tlie  two  indices. 

The  ((00  iiuHcet  lire  ijiovable  rouiiii  the  spiue  axis,  wliich  possi's  exai-tly  tlirouglj  the 
crnti-e  of  the  instnimetit ;  the  i^enirat  index  EF  curries  tlie  ceiitml  mirror  A ;  and  the 
horizon  index  M  I>  c-urrieii  the  telescope  GH  and  the  horizon  mirror  B ;  hulii  UKlices 
anr  fiu-idslml  witli  vi-mient  and  Kuigunt  screws  ttt  O  ami  N, 

The  centrat  ntinar  A  is  placed  on  the  eentml  index  immediately  oliove  tlie  centre  of 
die  insirutnent ;  the  plane  of  this  inirmr  mokes  an  angle  of  about  30°  with  the  middle 
line  of  the  iuiiex,  and  is  adjusted  perpend  iii'iilar  to  the  plane  of  the  iiistmment,  by 
means  of  the  8irre(vs  iilnce<l  on  the  back  |>«rt  of  the  frfiine  of  the  mirror. 

The  horizon  giuis  tt  m  placed  on  the  liorizon  index,  near  tlie  Uinl>,  so  as  to  inti:rfcre 
as  [inle  as  [MMHitile  with  the  rays  iwoceeiling  from  objects  ritiiated  on  the  opjHHiite 
side  of  tliat  index  with  respect  to  the  ceiitrsT  mirror.  The  hori/xin  glass  is  adjusted 
per|>endic'ular  to  llie  }>laiieof  the  instruineiit,  in  a  similar  manner  to  that  of  the  horizon 

SIbhi  of  a  sextant ;  and  in  some  cindns,  tliis  mirror  is  movable  almiit  an  axis  |)er|H!n' 
ii-ular  to  the  pliuie  of  the  insuumeut;  hy  this  nieaiis  the  nluattou  ivitli  res|iect  to 
the  telesi^oiN:  may  lie  adjusted. 

The  Itlaeopt  GH,  attached  to  the  oihetend  of  the  horizon  index,  is  on  ostronrmiical 
mie,  inverting  the  olieerved  objects,  oiul  has  two  parallel  wires  in  tlie  common  fiiciia 
of  the  glniees,  diHtniit  from  each  other  between  two  and  three  degrees.  These  wires, 
at  the  time  of  oliservntiun,  must  be  placed  )iarallel  to  the  plane  of  the  instrument :  to 
effect  this,  irutrks  are  inaile  on  the  eye-piece,  and  on  the  tube  at  G,  and  by  making 
them  rnincide,  the  wires  may  be  brought  to  their  proper  position.  The  telesco|ie  may 
be  raised  or  depresse<l  hy  two  screws,  I,  K,  so  as  to  be  directed  to  any  part  of  the 
nnriznn  glass;  and,  by  means  of  the  gradiuitions  on  the  two  standards,  i,  it  [Fig.  3), 
the  leluBCOfie  may  be  rendered  parallel  to  tlie  plane  of  the  uisininienL 

There  are  two  sets  of  colored  glatttt  (fig.  3,  4),  each  set  usually  containing  four 
gtasses  of  ilitTerent  shades;  ilie  ghisses  of  the  laige  set  (fig.  \\  which  are  iilaced  Tipfore 
U)e  central  mirror  at  a,  a,  should  have  each  about  half  the  degree  of  shade  with  which 
the  corresjKinding  glosses  ^fig.  3]  of  the  other  set,  placed  at  C,  ore  tinged,  liecaiise  the 
rays  from  the  luminous  object  nem  twice  through  the  coloreil  glass  placed  before  the 
central  mirror,  and  only  once  through  die  other.  The  glaeaes  placed  at  o,  a,  are  kept 
light  in  their  places  bjr  small  pressing  screws  at  their  ends,  or  by  slides  passing,  m 
front,  through  perforations  in  the  stems  of  their  frames ;  wlien  fixed  for  ohservaitor: 
ti'^j  tnake  no  angle  of  about  B5°  with  the  plane  of  Uie  UMlruuieDt ;  by  tliis  meiuis,  tha 
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imaKC  fVnm  the  (Colored  glass  is  not  reflecred  to  thn  teleK»|ie.  Wlien  tlie  at.^u  lo  ba 
Rieoaiin'tl  is  lK;tween  S""  and  35°,  one  of  tlie  large  set  is  lo  lie  fixtsl  at  a,  a ;  in  oiIht 
cuitta,  one  af  the  emtill  net  is  lo  he  pinred  ill  tlii;  twrket  C.  Tliu  reason  of  uniiiii  ihe 
largo  glnna  is  tliiH ; — wlieti  the  Bi>jnil  gliisM  is  (linced  at  C,  it  Tntercejile  the  itii-ect  lij^hi  Oi 
the  liiiiiiiioiiR  ohject,  Id  its  ixuengi:  towunls  (lie  rontral  miiror,  if  tlie  olijcct  JiatijNiiis  to 
be  aituuted  wiTliiii  thu  angtdar  mmcn  included  by  the  lintv  fmn  the  centre  A,  by  the 
■ides  iif  the  Trnnie  ofthe  ginM  nlncet)  iit  C.    This  is  avuirled  liy  uainglhe  large  glasnes. 

The  fumdle  (fig.  5}  i«  of  wimmI,  and  is  fixed  lo  the  hack  of  llip  iiatrumeut  immwlintely 
under  the  centre,    m  tliis  It  is  hekl  during  the  time  of  ohsnrration. 

Till!  ventetU  (fie.  6)  is  useil  in  lerTeMriiu  obsert-ations  to  diminish  the  light  of  the 
obiert  He<;ii  [lii'cetly,  to  render  it  equal  in  brighuieBs  to  that  of  tlie  object  seen  by 
reflei^tiiiii ;  tliis  is  gwrformed  by  (inttiiig  the  ventolle  in  tlie  socket  D,  and  raising  or 
deiiruteing  it  till  the  objects  a|i|ienr  of  equal  brightneav. 

Tljera  are  two  a^iulmf^  looU,  of  the  fonii  re|ireBeiiIO(l  in  figure  7 ;  they  are  exactly 
of  the  BHinu  aize,  niiil  their  height  is  nearly  «quul  lo  tlmt  of  the  central  mirror ;  they 
may  lie  ii:<(»l  in  ailjiiMing  the  i-eiitral  mirror  per)ieni(ii^iilar  to  the  plane  of  tlie  instni' 
toent,  and  in  making  the  axis  of  t)ie  telesmiie  jnralli^l  lu  that  plane. 

The  inKtnimeiil,  ns  we  have  lion  descrifK.il  it,  h  the  same  an  it  was  lefl  by  De 
Bonla.  Mr.  Troushton  Iibb  ainoe  miggested  tlie  itnpruveinent  of  fixing  lo  the  hnrizon 
Index  the  arc  WSI'R,  and  jiraviding  il  with  two  sliding  piecca  U,  X,  in  order  u> 
lacilitace  the  fixing  the  hiilicea  at  dieir  pro|>er  aiiglrs  with  each  oiher  in  tuking 
BUCC«Hsive  iihaei'viiiiDna.  When  the  central  and  horizon  gliinv-a  are  parallfl,  the 
central  Index  covew  the  spaea  SP  <ittbe  arc,  and  ihe  ^ijiacea  SW,  PR,  are  each  divided 
bco  itegrees  from  S  to  M^,  nnd  fmiii  P  to  R,  and  niimlwred  0  at  6  and  P,  and  roiitiniied 
lo  130°  towarda  W  and  R.  The  uae  of  this  arc  niiil  sliding  pieces  will  be  explained 
hereafter.* 

TliBi  ingenious  mathemntiRian  and  navigator,  Mr.  Memlo^a  y  Rine,  has  fiirther 
improved  the  circular  inatnimenl,  hy  tlie  BllbMIl,itj^>"  of  a  clmilHr  ring  (moving  round 
the  centre  of  the  inatnjtnent,  over  or  aitjaceiii  io  Ihe  iinb  TMV)  tor  a  vernier,  instead 
of  ttiose  anached  to  the  indicee  by  De  Boiilii ;  and,  by  fixing  this  circular  vernier 
alteniutely  to  each  of  the  indices,  it  serves  as  n  vnniitr  fb'r  holli,  and,  aflrr  any  niimheT 
of  ohservBiiona,  gives  tlie  comjiound  motion  nf  '"th  indices;  and  thus  double  the 
number  of  diHiniices  are  obtained  by  thif  inHUttinont,  that  can  be  obtained  by  De 
Borda's  circle,  with  the  same  numbtr  of  ■liuier-.itliiiiiB.  Mr.  Rios  has  aim  improved 
the  fonn  of  the  handle  for  holding  the  Iiis'-''^  -H-nt.  In  theory,  the  iii8tnmii;nt  as 
improved  by  Mr.  Rios  appear^i  to  ne  stt)>>'riar  lu  that  of  De  Bordu ;  but  not  having 
tised  one  of  the  former  kind,  I  cannot,  from  my  own  experience,  decide  whether  it 
's  so  much  sujierior  in  practice;  hut  Mr.  RIim  says  that  he  fiinnd  il  answered  liia 
ex|iectiitionH.  As  the  metliotl  of  takhic  tlie  olitwrvutioii  is  nearly  the  same  wiih  Imth 
inRtnimctilB,  I  shall  confine  myself  to  the  explHiintiiin  of  the  uses  of  De  Itorda's,  from 
whieh  tlie  method  of  using  tlie  other  will  he  easily  discovered. 

Adjustments  of  the  cxreU  of  refection. 

Before  entering  ii|ion  an  ex|ilanatioii  of  ttie  ailjiiHtments  of  ibis  insmimcnt,  it  will 
be  proi>er  to  premise  that  tliere  are  ibn-e  different  methoils  of  oliservhig  the  angular 
dMlance  of  iwo  objerts  wlili  this  instrument,  viit,  (11  by  what  is  callerl  an  observullon 
to  the  right,  (9)  by  an  olHervatiun  to  the  letl,  and  (3)  by  a  croaa  olitwrrvaiinn. 

Jin  obtervation  to  the  nghi  a  that  where  the  object  whose  image  in  to  he  reflected, 
and  tlie  central  mirror,  are  on  tlie  same  aide  of  the  telescojie  ;  an  obstrmilion  lo  the 
l^  when  the  objent  to  be  reflei^teil  and  the  central  mirror  are  on  opjiosite  sides  of  the 
lel^ope,  which,  in  both  cosea,  is  Miip]ioae<l  to  lie  <lirected  to  the  other  object ;  anri  a 
erom  tAservntion  is  a  combination  of  dia  fore-menttoned  observatkmg,  liie  first  being 
fenemlly  liikeii  to  the  left,  and  the  mcoihI  lu  tlie  right. 

The  ailjustinents  of  a  circle  coimiat  in  placing  the  mirrors  (leqiendkular  to  the 
plane  of  the  iiistniment,  and  in  making  the  axis  of  the  iele8co|ie  parallel  to  that  plane. 

"  Mr.  TrwiBhion  iiiteo'od  anniber  aiieralion  in  the  eifcloi  hnt  (u  Mr,  Rioj  jutil.f  observM)  th« 
trnlnimeiii  ihui  nlieietl  may  be  mrnideieil  ai  b  Jeiluit,  ilie  limb  of  whitb  ii  rnmpleied  to  ihe  wl«il« 
drcumferenrf.  A  riirle  or  ibii  (JMcripiinn  it  iisuallv  fiimiihwl  wiih  Ihree  inilices  and  vcniieri,  by 
•Bcb  of  wbich  ever}'  obsprvalinn  musi  be  road  olT.  Tht>  i>  very  irmibleHinie,  panlcularlj  in  ihe  nigtaL 
It  i)  inie  Uini  lhi>  meihod  cottmU,  in  a  very  Rreai  det-rec,  ihe  ern.f  uf  iioi  havipg  U»  indei  encll* 
.  OB  Ibe  enure  or  Ihal  nf  nni  having  an  initrameiii  perferil)-  circular ;  bui  errors  of  tti»  kind  lu  Borda'i 
diele  may  he  retlHceii  in  any  raiio  by  uikii^  a  uiimher  of  ohservaiioiu,  and  the  emw  will  in  renenJ 
o*  eaireme!}'  finnl)  in  Lakinr  a  tiimrieiii  niiinh<>r  Io  brinR  ilie  iiidci  nearly  in  ihe  ; 
•o  thu,  Id  ilHHe  Impoilaiil  pouiu,  I  ibould,  on  Itaa  whole.  nrefiBr  an  innnniwiii  o(  Bo 
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These  are  all  the  ndjnatmentB  Tietxtmry  in  meHStiring  ni  Bngiilnr  <]igtnnce  bj'  cruM 
obaervntlonit ;  hut  if  one  obsenation  only  be  tiikRn  to  thn  tight,  or  to  llie  left,  it  wiJI  be 
iieceBSaiy  to  fiiitl  tlie  division  on  which  the  horizon  Index  must  Ik  placeil,  to  niukfl 
ihe  horizou  gliiBs  porallet  to  the  ceiitml  gtisB,  whi^n  the  crntml  tiiilex  etiui<lR  otr  0 
These  udiiieiinfiita  are  eiiuitor  to  thoae  of  a  sextant ;  but  a  particular  explanation  of 
each  will  here  be  given. 

To  »tt  the  eaitrdl  glaas  prrptndicalar  U>  the  plaru  of  tt<  irwfrumeTji. 

"niia  ailjiistiuent  may  be  made  by  placing  the  eye  in  fhint  of  the  central  glnjn  HI  L, 
a  )inle  nlmvK  thn  plane  of  the  iiMtniiuent,  anil  olmeiYing  if  the  ret1ei;ted  itnnge  of  tlial 
pan  of  the  lirnh  nearest  the  eye  apiieara  to  make  one  continued  circular  tine  with  the 
parta  of  the  liinh  towarda  T,  leea  to  the  right  and  left  of  tiie  centntl  glass ;  fur,  in 
Ihia  caae,  the  glms  is  perpeiHlicular  to  the  plane  of  tlie  instniinent ;  olherwiac  it  inuat 
be  adjusted  by  m«Hns  of  the  xcrewa  till  the  two  images  coincide.* 

By  examining  (liis  adjtiatnieiit  in  ditTerent  |nu18  of  the  limb,  it  will  be  known  if  the 
linil)  he  in  llie  same  plane,  if  any  difference  should  l>e  found,  tlie  ceritnil  gliisa  initM 
be  BO  lixed  that  the  reflected  inuge  of  the  limb  may  appear  as  much  above  tliu  direct 
image  in  some  places  as  below  it  in  otljers. 

To  nt  Iht  ftorizon  gltvu  perpauHctdar  to  Oit  plane  of  Iht  italrumenL 
The  central  gloss  being  previoritily  adjusted,  and  the  telenrope  directed  to  the  line 
•eparating  the  silvered  from  the  tranxparent  piirt  of  the  horizon  gliiH!<,  hold  the 
insirunieni  m-urly  vortical,  and  move  either  jnilex  till  the  direct  atid  reflei'ti;d  inmge 
of  the  horizon,  seen  through  the  telescope,  coincide  ;  then  incline  the  iuHtrnment 
till  it  is  nearly  hurizontat,  and.  If  the  imiigea  do  not  ^epanite,  the  horizon  glasK  is 
perpendicular  to  the  plime  of  the  instminent ;  but  if  they  do  se|>Hrate,  the  poxition 
of  tlie  glass  must  be  rectified  by  means  of  the  screws  in  its  pediirtal. 

This  oiljusttnent  may  be  als<o  mnile  by  directing  the  si^ht  through  the  telpscoite 
to  any  well-defined  object ;  tlien  if,  liv  moving  the  central  ind(-x,  Ihe  reflected  iiiinj^ 
{MBSCs  exactly  over  the  object  seen  directly,  the  glass  is  periienilicular ;  otherwise  its 
position  must  be  adjusted  by  means  of  tne  screws  nttached  to  [fie  pedestal  of  Ilie 

A  pinnct,  or  star  of  the  finn  magnitude,  will  be  a  gnoil  object  for  this  purpose.  If 
Ibe  Sim  18  used,  one  of  the  (-uloreil  glasses  must  be  iilaced  at  C,  and  anothur  ut  D. 


To  wake  Ihe  axis  of  the  idexcope  pan^d  to  Ihe  plane  of  Iht  B 

The  telcBcoiM!  may  be  raised  or  depressed  l:y  means  of  two  screws  attuidied  to  the 
nandards  i,  k  {fifi.  'i),  and'  jHiniing  through  two  pieces  of  brass  coiin>-cted  witli  the 
tl)l>e  of  [lie  tiflciTope.  On  each  of  these  pieces  is  n  mark  or  inilex,  by  whii'li  the 
telfaicope  is  to  lie  adjiisieil  ;  for,  by  bringing  the  indices  to  the  siime  mark  on  each 
standard,  the  telescope  will  be  parallel  to  the  plane  of  the  iiistrumeriLj 

To  find  that  divinoa  to  vhieh  Ikt  harixcn  index  tnuri  be  jdactd  to  render  Oit  mtrrorf 
parnUd  when  Ihe  central  mdtx  it  on  0. 

Place  the  central  index  on  0 ;  direct  the  telescojte  to  the  horizon  glfiss,  so  thnt  the 
line  joining  the  silvered  ami  transparent  parts  of  that  glass  may  ap^war  in  the  miildle 
>f  the  telcscoiMi ;  hold  the  instrument  vertically,  and  move  the  honzon  Index  till  the  ■ 
direct  and  reflected  horizons  agree,  and  tlie  division  shown  by  the  boriKon  index  will 
be  that  reij^iilred. 

This  adjustment  may  also/he  made  by  meoauring  the  diameter  of  the  sun  in 

*  When  ihe  iiHinimenl  ii  ruxniched  irilh  Bdjiutin);  toob,  ihii  iiljuilnKni  may  be  Rinde  in  the  ftiMoirlng 
Riuuirc' — 'it',  ihe  two  tooli  on  opixMiie  pans  of  ihe  limb  ii  T  uid  Li  plaee  ihe  eye  alt,  si  iKnrly  Ihe 

move  Ihe  cciiiral  indei  lill  ihe  reflrrled  imare  of  Ihe  lool  nenre"!  if«  eye  "[ipcani  I'li  Ihe  feniml  glau 
at  Ihe  tide  or  ihe  other  lonl  leen  direelly  ;  ihen,  if  Ihe  upper  ei!j;e>  of  (he  luuls  are  nppmvnllv  in  lbs 
nme  ilraighi  line,  ihe  eenml  gttm  a  pNpeailieulBr  lo  ihe  ptaoe  nf  ibe  iiulrumeai ;  niherwba  in 
poutiofl  miui  be  admsied  hy  Ibe  wrewi  ai  ihe  bark  of  Ihe  fnme. 

t  If  you  luspeci  thu  Ibe  marks  on  Ihe  slandarits  are  Inarrurate,  you  may  exsmine  Ihem  in  Ihe  Fnliaw- 
Bg  niBiuiEr : — Lay  ihe  eirete  hnriioiiiBlW  on  »  Uhle  ;  place  the  tivo  ailjuHiine  loalu  «>  npimsiie  parti 
orihe  limb,  Bi  T  and  L  1  and  ai  aboui  15  or  IS  feet  (Siiiaace  lei  a  wellileRm-d  mark  be  plnrv<l.  «>  lu  to 
be  In  the  lame  tliai^l  line  with  ibe  lopi  of  ihe  loola  ;  then  ralK  or  ln»er  (he  leleaconc  lill  Ibe  mark  !• 
■ppareiilly  in  ihe  tnidille  between  Ihe  Iwo  wirm ;  then  ihe  Slis  o(  Ihe  lelescnpe  will  be  parallel  to  lh( 
plane  or  ihe  instnimenl,  and  Ihe  diiTsrence  (ir  auy)  belweou  Ihe  divLsioni  pointed  oui  li}'  the  indirri'  o> 
Ibe  graiiuHiian  of  the  iiandardi  i,  k  {&%.  S),  will  be  the  error  i^lbe  ioditea,  and,  ihii  being  known  il  wil 
tn  eaay,  in  blure  adJiuioKnU,  lo  uake  allowance  lor  it. 
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contrary  direciions ;  thus,  the  central  index  being  fixed  on  0,  place  ft  dark  glasi  at  Ct 
iind  another  at  D ;  Jirer.t  iha  lelescope  jthrough  the  tranaparent  part  of  the  liorizon 
glan]  to  the  sun,'  and  move  the  horizon  index  till  hia  reflected  iinsge  uppear  in  the 
telescope ;  bring  the  upper  edge  of  the  direct  itnaee  to  coincide  with  the  lower  of  the 
other,  and  note  the  angle  Bhoira  by  the  index ;  thcD,  t^  moving  the  horizon  index, 
bring  the  lower  edge  of  the  direct  inutge  to  coincide  with  the  upper  edge  of  the 
reflected  one,  and  note  aim  the  angle  pointed  out  bj  the  index;  italfthe  Hum  of  these 
two  anffles  wilt  be  the  point  of  tlie  limb  where  the  horizon  index  miisl  Ik  placed  to 
render  the  mirrore  pomllel.  Thus,  if  the  index,  in  the  first  obeervaiion,  is  on  473°  30', 
and,  in  the  second,  on  474°  34',  the  half  sum  of  the  two,  474°  »,  will  be  the  point 
where  the  horizon  index  must  be  placed  to  make  the  mirrors  parallel. 

That  are  aU  the  o^tutmcnt*  ntcaiiay  to  bt  madt*  prtpertdory  to  tnauwmg  mtg 
«n^aittr  didatux.  When  the  angle  is  measured  by  cross  observations,  the  error 
arising  from  the  want  of  parallelism  of  the  surfaces  of  the  mirrors  and  screens,  will 
in  general  be  very  small;  however,  the  method  of  veriQfing  those  gluMes,and  making 
allowance  for  any  error  in  them,  will  be  given  bereaAer, 

To  observe  tlte  meridian  aitttuiie  of  any  rrlestial  object,  either  by  an  obtervation 
to  the  right  or  to  the  left. 

Hie  method  of  observing  the  meridieu  altitude  of  on  object  with  a  circle,  is  exaeilv 
nmilar  to  that  with  a  quulrant  or  sextant.  The  central  index  miixt  lie  fixed  on  0, 
and  the  horizon  index  on  the  point  whidh  rendera  the  two  mirrors  parallel ;  then  the 
altitude  may  be  taken  either  by  an  observation  to  the  right  or  to  tlie  led ;  but  tlie 
■brmer  method,  in  which  the  large  colored  glosses  are  not  necessary,  is  in  general  to 
be  preferred,  bemuse  these  large  glosses  are  more  liable  to  cause  an  error  iu  this 
observation  than  the  small  ones. 

{Ton  obtervalion  to  the  right  is  to  be  taken,  a  amall  dark  glass  must  be  placed  at  C,  if 
thi!  object  be  bright ;  then  hold  tlie  instniinent  in  the  right  naiid,  in  a  vertical  position , 
move  the  central  index,  according  to  the  order  of  the  divisions  of  tlic  limb,  till  the 
reflected  image  of  the  object,  seen  in  the  telescope,  nearly  touches  the  direct  iiiiaae 
of  the  horizon  ;  tighten  tfie  index  by  the  screw  at  the  back  of  the  instninient ;  make 
the  roi(lact  complete  in  the  miitdle  between  the  pamllel  wires  of  the  telescope,  by  the 
tangi^nt  ncrew,  and  by  sweeping,  exacdy  in  tlie  same  manner  as  when  olwerving  with 
a  qiiailrant,  and  llie  central  index  will  potul  out  the  altitude  of  the  object. 

(fan  obgervation  to  the  Itft  is  taken,  and  the  object  lie  bright,  a  large  dark  glam  must 
be  placed  at  a,  a,  if  the  altitude  lie  between  5"  and  35°,  othenvise  a  Bniall  glass  at  C 
hold  the  innniment  in  the  lefl  hand,  in  a  vpriical  poeition ;  move  the  central  index 
contrary  to  the  order  of  tiie  dtviwuns,  and  bring  the  reflected  image  in  coniai;t  with 
the  horizon  an  aliove  ;  the  ansle  sliown  by  tlie  central  index,  being  suhtraeted  from 
7S0°,  will  be  die  souglit  oltitude. 

Id  both  lh<sc  niethwla  of  observing  the  meridian  altitude  of  an  object,  the  circle, 
the  radius  of  which  is  only  five  inches,  will  hardly  be  so  accurate  as  u  good  sextant 
of  a  larger  indiiia ;  but,  b^  the  help  of  a  well-regulated  watch,  the  meridian  altitude 
may  t>e  obtained,  by  the  circle,  to  a  much  greatt-r  degree  of  accuracy  tliaji  by  a  FextaiiL 
t^  observing  in  the  following  manner: — A  few  minutes  before  the  object  passes  the 
meridian,  begin  to  observe  the  altitude  by  cross  observations  (in  the  manner  to  lie 
descrilied  in  tlic  next  article),  and  note  the  time  of  each  observation  by  the  watch; 
continue  to  ol»erve  till  a  few  minutes  after  the  object  has  passed  the  meridian ;  then 
the  angles  shown  by  tlie  central  index,  being  divided  by  the  whole  niimlicr  of  obser- 
vations, will  give  the  approxiniata  meridian  altitude ;'  the  correction  to  he  npnlietl  to 
it  to  olnain  tlie  true  meridian  altitude,  may  be  found  by  means  of'Tahles  XXXII.  nnd 

,  ....   |,.gg((g^^  when  treating  of  1 

n  spoken  of;  though  it  is  evident 
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ee  ihe  eolored  glfw  nl  Caoil  direct  the  taleKope  to  the  tilverad  p«rt  of  toe  horimn  elajs ;  mnve  lbs 
.  mi  index,  niuTir  no  uncolo.ed  Imagei  appear  (lefleeteH  Tniin  the  renirar  glMt),  hut  all  have  ihe 
aine  tinge  u  ihai  of  the  colored  rlu)  used,  me  horiion  giau  if  in  iU  proper  pailjou;  ^berwiie  ii  miM 
■•  IWDed  00  iu  aii<  till  the  uocolored  initget  diuppear. 


0  tJie  circle  all  its  advuiiaces,  may  be  used,  and  the 
ead  of  a  single  altitude.     This  method  is  (Xcurrat^y 

ada|iled  to  the  lakiiiK  of  altitudes  for  re^fauiiig  a  walcb  ;  for  this  reaaoa  it  will  bv 

particularly  explained  in  the  foUowing  article : — 
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n  the  nwridiaii ;  but,  in  this  caau,  th% 

_^  ^.._ its  advuiiBffes,  may  be  used,  and  the 

ISKUD  of  the  altitudes  taken  intead  of  a  single  altitude.    This  method  is  (xculrat^y 

adapted  to  the  lakini     "   '-    '      *  *   ' 1- .  ^^^  .•.-. ;.  ..^ii  u. 

particularly  explainetl 

To  take  altitudes  of  the  tun,  or  any  celestial  object,  by  cross  observations,  for 
regulating  a  teateh. 

T'a  the  central  index  on  0,  and  if  the  olrinct  be  Mght,  and  tlie  altitude  between  S' 
and  35°,  pluue  a  large  colored  glass  before  the  certial  glan 
at  0,  0,  otherwise  a  sinull  one  at  C ;  bold  the  instrutneni 
m  tlic  \vfi  hnnd,  in  a  vertical  poeitiou  :  -move  the  horizon 
index  till  the  image  of  the  reflected  ohject  be  brought  in 
complete  contact  with  the  horizon,  in  the  middle  between 
the  two  iianitit;!  wires  of  the  telescope,  tw  dit«cted  in  the 
precMling  article,  and  [lote  the  time  of  olinervation  by  the 
welch  ;  tlien  Runen  tlie  horizon  index;  hold  the  inBtnimenl 
in  tlie  right  hand,  io  a  vertical  iKwltlon  ;  move  the  central 
tmlex  acconliiig  to  the  order  of  the  divisions,  till  the  reflect- 
ed image  be  again  brought  into  complete  conlsct  with  the 
horizon*  bb  above,  and  note  the  lime  of  observation.  Tlien  half  tlie  mini  of  the  timea^ 
and  half  the  angle  shown  by  the  index,  will  be  a  mean  time,  and  a  ntean  altitude 
correaponding  thereto. 

If  gn^atcr  accuracy  be  required,  the  observation  must  be  repeated,  setting  out  from 
tlie  jioinlB  where  the  indices  then  are,  and  observing  in  the  fame  manner  by  moving 
firat  the  horizon  index,  then  the  central  one  ;  continue  taking  rs  many  of  these  cross 
oliservations  as  are  Judged  neceaeury,  and  note  the  times  of  t^cti  olvservHtion ;  thi^n  the 
sttm  of  the  times,  divided  by  the  whole  number  of  observations,  will  l>e  a  mean  time ; 
anil  the  nngle  ohown  by  the  central  index,  divideil  by  the  number  of  observaiions,  will 
be  o  mean  attilu<le  corresponding  thereto.  Thus,  if  oixf  observalions  were  token,  and 
the  times  noted  uh  in  llie  adjoined  table,  the  angle  shown  by  the  index  being  60°  34' 
tf>e  mean  time  would  be  obtained  by  dividing  the  sum  of  the  limes,  26h.  I6m.  40a.,  by 
6,  and  the  mean  altitude  by  dividing  60°  24'  by  6 ;  therefore  the  inean  time  would 
be  41i.  22m.  47ic,  and  the  mean  altitude  corresponding  10°  A', 

"to  measure  the  distance  between  the  svn  and  moon  by  a  circular  instrument. 

The  instniment  being  well  adjusted,  fix  the  central  bdex  on  0,  and,  if  the  object  be 
briglit,  place  a  small  darit  glass  at  C ;  hold  the  instrument  so  tliat  its  plane  may  \ie 
directed  to  the  ohferts  wiU)  ila  face  downwards  when  the  sun  is  to  the  right  of  tlie 
,  moon ;  otherwise,  with  its  face  upwanls  ;  direct  the  sight  through  the  telesco|ie  to  tha 
moon;  move  the  horizon  index,  according  to  the  order  of  the  divisions  of  the  1iml>,till 
the  reflected  image  of  the  sun  appears  in  the  telescope,  and  the  neiu-est  limbs  of  tlie 
siin  and  moon  are  alinosi  in  contact ;  fiuten  the  index,  and  make  the  coincidence  of 
the  limbs  uerfect,  in  tlie  middle  betweeti  the  two  parallel  wires  of  the  telescoix^  by 
means  uf  the  tangent  screw  of  the  horizon  glass,  and  note  the  time  of  observation ; 
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imainder  1  i>  tei  down  iniiiiediBiely  Ibr  ih*  Arsi  Ea:ure  of  the  minulei ;  the  fiefimd  figure  nT  Ih*  miunire  b 
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M  Mcondt.    We  niay  ramarii  Ibal,  ■*  Um  Mnn  4h.  lOm.  ii  coounon  to  all  the  6  obHeri'niir<is.  it  may  br 


14!/  OIROLE   OF  BEFLUCTION. 

dien  inven  ihe  inMruroeni,  and  move  the  central  inJex,  acctwdiiig  to  tiie  order  of  the 
divisions  »r  tlie  IJiiili,  t^  b  quantily  e<|ual  to  twice  tlie  arc  pruwed  over  by  tli«  liorizon 
iiidei  (or  twic«  the  distance  of  the  mm  and  moon);*  direct  the  plane  of  the  inetrumeot 
Vt  the  objects ;  look  directly  at  the  moon,  and  the  Bun  will  be  seen  in  the  field  of 
the  tcteecoite ;  ftsten  the  centnd  index,  and  niake  the  contact  of  their  nearest  liniba 
complete,  in  tlie  middle  between  the  two  parallel  wireg  of  the  telescope,  by  nieiida  of 
llie  tangent  8Ct«w  of  the  central  index,  and  note  tlie  lime  of  observation;  tlieo  half  tlie 
arc  shown  by  the  central  index  will  be  tlio  distance  of  the  naareet  linibeofthe  sun  an^ 
nmon,  and  half  tlie  sum  of  the  tiraea  will  be  the  mean  tinw  of  observation. 

[laving  fitiiaheil  theae  two  obaervationa,  two  othen  may  be  taken  in  tho  Bani» 
manner.  Kiting  out  from  the  points  where  the  indicee  then  are,  and  moving  firm  the 
horizon  index,  then  tlie  central  ind«x:  proceed  thus  till  as  many  olwervntionH  as  are 
jndi^  tieceasaiy  lie  tidten,  always  ohserviiig  that  tlu  mtmbtr  of  them  bt  evm  ;  t'lcii  iht 
angle  sJiowii  by  tlie  central  index  (or  that  angle  inereoacd  by  730'  or  1440°,  Arc.,  if 
the  index  hat)  l*eeii  moved  once  or  twice,  &C.,  round  the  limb),  lie.ng  divided  by  the 
whole  nnmlier  of  oltsurvationa,  will  give  tlie  mean  distance  ;  and  ttie  sum  of  all  the 
times,  divided  in  like  inauner,  will  be  the  mean  time  of  observation. 

To  measure  the  distance  between  the  moon  and  star  by  a  circular  instrument. 

Fix  the  central  index  on  0,  and,  if  the  moon  he  bnght,  and  the  distance  lietween  ^ 
and  35°,  pluru  a  large  gmea  glass  lielbre  tlie  ceiiiral  mirror  at  a,  o,  uilierwjse  u  small 
one  at  C  ;  hold  the  inxtruinent  so  that  it«  plane  may  lie  directed  to  tlie  objects  with  ila 
fhcc  downwards  when  the  moon  is  to  the  right  of  the  star,  otherwise  wiili  its  face 
npwanis;  direct  the  sight  through  the  telescope  to  the  star;  move  the  horizon  index, 
acconling  to  the  onler  of  the  divisions  of  [lie  limb,  tilt  the  reflected  hnuge  of  the  moon 
afipearo  in  tlin  tcie8ro]>e,  and  the  enlightened  limb  of  the  moon  lie  nearly  in  contact 
with  the  star  ;  fasten  the  index,  and  make  tlie  coincidence  perfect,  in  the  iniildle 
betwepii  the  |itinillel  wires  of  the  telescope,  by  means  of  the  tangent  screw  heloiigiiig  to 
that  inih^x,  and  note  the  time  of  ohscrvaltoii ;  then  invert  the  instrunicnt,  and  move  the 
central  index,  ai-cording  to  the  order  of  the  divisions  of  the  limb,  liy  ii  iiiiuntity  ciiual 
to  twice  the  arc  )ini«K-il  over  by  the  horizon  index;'  direct  the  ploiie  of  tlic  instrimipm 
M  tlie  olijerls ;  look  directly  at  the  star,  and  the  mow  will  be  seen  in  the  field  of  tim 
leltwrope  ;  rsmeii  tlie  central  index,  niid  make  [lie  contact  of  the  enli^litcncd  liiiili  of 
tlie  moon  and  the  stur  complete,  iv  the  middle  between  the  two  parallel  wireti  of  the 
telescofie,  by  means  of  tlie  tangent  screw  of  that  index,  and  note  the  time  ;  tlien  hulf 
ihe  are  sliowii  by  tlie  central  index  will  lie  the  distance  of  the  star  from  the  enlight- 
ened limb  of  tlie  moon,  an<[  half  the  sum  of  the  times  will  be  the  mean  lime  of 
observation  ;  these  two  ohsKrviUiniis  being  completed,  othera  may  be  luhen  in  the 
Mine  manner,  according  tu  the  directions  t^iove  given  for  measuring  the  distance  of 
the  BUn  from  the  moon. 

In  continuing  to  take  theae  cross  observations  by  a  circle  furnished  with  the  arc 
WSli,  and  i)lidns  17,  X,  it  ivill  be  very  eui^y  to  liring  tlie  reflected  iiiiare  into  the 
field  of  the  telescope ;  but  if  the  insirumetit  is  not  thui  fumislied,  it  will  be  ofleD 
dlAii'iilt  to  bring  the  image  into  the  field  of  the  telescope,  and  much  liirit;  will  lie  lost, 
and  tlin  oltservaliuns  reiidered  tedious  by  that  means;  to  remedy  tliix,  a  kiiibII  table  or 
the  nnffles,  at  which  each  index  should  be  placed,  ought  to  be  made  Iwtbre  begtniiing 
llie  olisen'ntioii ;  this  table  is  easily  formed,  as  follows: — Find  roughly,  according  to 
the  directions  heretofore  given,  the  point  al  which  the  horizon  glass  nnist  be  placed  to 
br  iMirallcl  to  the  contnti  glass,  whi-n  the  central  index  is  on  0 ;  then  (ind  what  point 
of  the  arc  the  horizon  index  stands  upon,  after  measuring  the  first  dlBtiiiK'c,  as  directed 
above ;  the  difference  between  thefie  two  points  will  lie  the  angular  dixtiuice  of  the 
ohjiTiri ;  the  double  of  this  distance,  licing  succiasively  added  to 
0°,  anil  to  tlie  angle  pointed  out  by  the  horizon  index  after  the 
fiist  olwervation,  will  give  the  points  of  the  arc  where  the  indices 
must  lie  placed  at  the  2d,  3d,  4th,  iLc  observations.  Thus,  if  the 
point  of  parallelism  is  471°,  and  the  point  where  the  horizon 
mdex  is  at  the  firat  observation  is  SSSP,  the  difference,  or  54°,  will 
be  the  angular  distHnce  ;  the  double  of  this,  or  108°,  lieing  added 
to  SUSP,  gives  C33°,  ivhi^cb  is  the  point  of  the  arc  where  that  index 
ninst  be  placed  at  the  third  observatian ;  133°  added  to  108°  pve* 
741°  or  31°  (because  the  divisions  recommence  at  720°),  which  is 
the  point  where  Ilie  index  must  be  placed  at  the  fifth  observo- 
don,  Sic^  as  ui  he  adjoined  table.    The  central  index  being  at 

*  Thii  luov  be  oooe  eiintlilioiuly  by  meana  or  ttie  ilidea  V,  X.  oi  !i  aiplaiDed  in  ibe  prccediaj  « 
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Gist  on  0°,  after  the  Becond  olnervaikin  it  will  he  on  108°,at  the  Tourth  on  ID8°4-I08P 
=  31ti°,stlhe6iith  on  2I6°;f  lOgP  — 324°,  &c.  Tluia,  by  conalantly  lulciiiiK  108°,  or 
twicK  the  (listuiiee  of  ;he  objcuts,  the  angles  at  which  [lie  indicaa  iiiust  lie  ulaci'.d  will. 
be  obtnioed  ;  aud  by  fixiiig  rhein  at  these  angles,  the  reSected  image  will  be  brought 
■Dto  the  field  of  view  without  auy  trouble.* 

Having  explHineit  the  tnethoda  of  adjusting  and  using  the  cuvio  of  reflection,  il 
remains  to  ^iliow  hnw  to  calculate  tjie  eirur  arising  from  not  obaerving  the  cotituct  of 
the  objects  in  the  mi<ldte  between  the  parallel  wires  of  the  telescope,  and  also  to 
eatiiiiate  the  errors  arising  from  the  want  of  parallelisTn  of  the  mirrors  and  colored 
gliiictcs.  These  veriticatiotia  are  much  more  necessary  m  a  wxttint  thou  in  a  circle^ 
and  ttiey  may  be  in  general  neglected  in  a  circle. 

To  estimaie  the  error  arising  from  not  observing  the  contact  of  the  objects  in  the 
middle  between  the  parallel  mires  of  the  telescope. 

To  estimate  this  error,  it  is  necessary  to  know  the  angular  distance  of  the  wires  of 
the  telescope,  which  may  be  thus  determined : — 

Turn  rttund  the  eye-piece  of  the  teleHcope  till  the  wires  are  perjtenflicular  to  the 
plane  of  the  instnimt^nt,  and  nut  the  central  index  on  0 ;  du'ect  die  ieleftrD|>e  to  any 
weli-delined  uhjer.l,  at  leoM  13  feet  diHtant,  and  move  the  horizon  index  till  the  direct 
mil  reflected  image  of  the  object  coincide ;  then  iitnke  one  of  the  wires  coincide  with 
the  object,  and  ttim  the  central  index  ull  the  reflected  image  of  the  object  coinridea 
with  the  other  wire — end  the  arc  passed  over  by  that  index,  will  be  the  angular 
distance  between  the  wire&  This  angle  being  obtained,  the  observer  must,  by  mcana 
3f  it,  estimate,  at  each  observation,  how  much  the  place  where  the  contact  Is  observed 
is  elevate<l  above,  or  depreaaed  below,  the  plane  [tossing  through  the  eye  anil  the 
middle  line  betwt»en  (he  two  parallel  wires  of  the  telescojie  :  tlie  correiriian  in  Tnlile 
XXXV.,  corresponding  to  this  anvle,  is  to  be  mibtiacttxl  from  the  olsi^rved  angidar 
diMunce  of  the  objects :  thus,  if  the  distance  between  the  wires  is  2°,  one  of  them 
wilt  be  elevated  above  that  plane  1°,  and  the  other  de|)resBed  helow  it,  by  tlie  same 
quantity;  if,  in  tnking  an  observation,  the  point  of  contact  Is  eatimnted  to  lie  one  tiiird 
part  of  the  dietnnce  trom  the  middle  towards  either  wire,  the  ani^le  of  elevation  or 
depression  will  be  one  third  jmrt  of  1°,  or  20*;  and  if  the  observed  diitlajiee  ta  130°,  tbo 
eorreclion  in  Table  XXXV.  will  be  13",  mibtrartive  from  the  i>baerve<l  diatunce. 

The  correction  for  each  observed  iliMance  being  ssceftaiiied,  in  the  Hlx>ve  manner, 
(be  sum  of  them  miixl  he  sublnurted  froiu  the  whole  anile  shown  by  tlie  central  index, 
and  the  remainder,  divided  by  the  whole  number  of  observations,  will  be  the  tiiean 
distance. 

Verijication  of  the  paraUtlism  of  the  surfaces  of  the  central  mirror. 

This  verification  is  to  be  made  ashore,  by  observing  the  angular  distunce  of  two 
well-ilefitled  objects,  whoM  distjince  exceeds  W  or  100°,  liavinr  prevji-iisly  well 
wljiisted  the  inHtruinenl :  aller  taking  several  crosj  oliservations,  ami  finding  tiie  mean 
distance,  take  out  the  central  mirror,  and  tuni  it  so  that  the  edge  which  wim  fonuerlj 
up|ierinoBt  niay  now  be  noureat  the  plane  of  the  tnstrunient ;  rectify  its  (Hisitinii.  and 
laife  an  equal  nuiiil>er  of  cnies  ohHervutione  of  the  angular  distance  of  tlie  suiiie  two 
objects;  lialf  the  ditfereuce  between  the  meim  of  these  and  that  of  the  former,  will  be 
the  error  of  the  oltserved  angle,  arisiiiK  from  the  ilelect  of  parallelism  of  die  central 
mirror.  If  tbe  first  mean  excee<ts  the  secotut,  the  error  is  siibiractive,  otherwise 
additive,  the  mirror  being  in  its  first  pwition ;  but  the  contrary  when  in  its  second 
positioti.  ThuEs  if  10  ubeervatlons  are  taken  at  each  operation,  olid  in  the  first  the 
angle  shown  by  the  index  is  119!)°  5»i',  and  in  the  second  1200°  Gj',  by  diviiliiig  by 
10  the  tnean  anirlcs  are  found  to  be  Uif  Si/  21"  end  130°  ff  $>",  and  tiii^ir  difference 
is  78" ;  the  balfof  it,  or  31V,  te  the  error  of  the  mirror,  additive  when  il  is  in  its  lirsl 

Ejsition,  subcmrtTve  in  the  second.  The  enur  for  any  other  anj^  may  he  found  by 
oL  4,  Talile  XXXIV.,  when  the  inclination  of  the  plane  of  tlie  horizon  glass  to  (he 
axis  of  the  telescope  is  80°,  by  saying,  As  the  tabular  error  corres]ioiiding  to  120°, 
that  is,  1'  30",  is  to  the  error  round  in  the  glass  39",  so  is  tbe  tabular  error  fur  any 

Twiu  fouwi  thai  ihc  reiiirBl  iiHlei  wan  op  StS"  iiisiUi)  of  314°,  ihe  iiic'renU  hchig  ^."ynu  imi^'^i^rd's^ 
n°.4.t<>  =  13P,  BiHllbecanlrdiiHleil  a.  the  elchlh  obHrvuion,  U  iX" +  T' =  iM',  Slc. 
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other  BDgle  65°,  which  b  WW,  to  the  error  of  the  glaK  corrnaiionding  13";  anil  in 
tliu  tiiHiiner  a  lal>le  of  errorH  mHy  be  tiuide,  not  only  for  tlie  craat  observatiuuB,  but 

■bw  fiir  plisnrvutjoUH  to  tiie  right  or.lo  theJeiJ  — 

'  It  limy  Iw  retiiurkeil  that  the  eirora  ore  much  leas  in  the  croae  olieervaliong  thaniu 
t\e  olihervBlioiiH  to  the  right,  whirh  are  tljbse'  maile  wilJi  a  qiuulronl  or  sexlaut ;  bo  I  isl 

ircle  hiiB,  in  this  respect,  greutiy  (he  odvunuife  of  thoga  iuianiiiiems. 

e  uiigile  l>i;lween  the  plane  ofuio  horizon  cIms  and  axis  ot'tiie  telexcope  prodii'  ed 
iieing  iieiirly  the  wuae  in  al!  obeervatioiLH  aiiif  acljuMtnentB  of  the  circle,  no  Bunsifila 
^rror  cou  atwu  Irom  the  want  or  pBraliulinn  in  tbo  uir&cea  of  that  ghuw,  ^ 

j  Vtrijicatioa  of  *\t  parailelUm  of  the  colored  glasses. 

,  Place  one  of  the  <lnrit-coloraj  glaweB  at  C,and  another  at  U;  fix  the  central  intlexat 
(1  dirert  the  tclesi-o|*e  to  the  sun,  and  move  the  horizon  inilex  till  the  litnlitt  uf  {lie 
<liii>Rt  mid  reflected  ijuiage  coiDciile ;  tlieo  turn  the  dark  glaffi  plaeied  at  Cj  iw  that  (lie 
niifBi'e  whii^li  WHH  fiutlintt  IW>in  the  h»rin>ii  g)uM  may  '  '  '  "-  -■ 

j_.  _     .    ,..,  ....     .-     .■  ..     __.      .  -.^^^ 


dDiinirt  of  the  some  two  liinbii  be  coniplete,  trie  surfaces  of  the  gitus  jilnced  at  C  ^re 
parallel  t  but  if  llie  limbsjap  over  or  seuarate,  the  central  index  iniuil  be  niovetUto 
qring  tliem  a^n  in  contact;  tlien  half  tiie  arc  lua&ed  over  by  tliat  index  will  be  flie 

Sror  urisiii^li'iiiiLtlie  want  of  uurallclisni  of  the  glass  C.    Ifftreat  accuracy' iri  re(|Uirkl, 
e  0|>ernti(i]i  iiuiy  Ini  reiwated  by  HetlLiig  out  fniiii  the  iKiint  where  llie  indiccx  tl^  i 


rasy  he  venfieil  in  the  miie  manner ;  and,  bv  placing  one  of  the  larger  glsssea  li 
tbe  central  index  at  a,  a,  and  oue  of  the.iuiiaJler  ones  at  D,  the  former  niay  l>e  vrrif 
as  nliove.     The  gn,-en  ijiaans  may  be  verified  by  observing  the  diameter  of  the  " 
niooii,  or  by  some  iH-ight  tHtrestriul  object. 

;  It  may  be  reiiiariteilr,  as  oue  of  the  grp^test  advanta^  of  the  circle,  tliat,  . 
tag  an  angle  by  the  cross  observatious,  no  error  can  anae  frojn  tlie  want  of  |iaralle' 
iO  the  anmces  of  the  smaller  darjt  glawes  ;  for  if  these  glosses  give  too  grrat  an  c  ,lo 
hf  an  ohtfervation  to  the  ri|j)it,  tliey  will  give  too  little  by  the  same  quantity  >  pa 
(Hiservation  to  the  left.  It  ia  not  so  with  the  Inrge  glaaeea  placed  ot  n,  a,  hi^au  he 
iUcideiicc  of  the  royx  on  these  gla>«es  is  more  oblii^ue  in  one  observation  than  in  tlie 
(Hlicr,  so  that  the  emirs  do  not  wholly  balance  each  otiier;  however,  as  these  ^)uiMes 
aK  used  only  in  meaMiiriiig  angles  leee  than  35°.  where  tlie  ern>ra  are  nearly  tliu  jiino 
M  if  tlie  int'idenre  of  the  mfb  were  jierpendicutar,  the  eraon  of  tliese  glosses  will*  iibu 
Ptariy  com|ietiBiite  each  other  in  the  croaa  observations  ;  and  if  such  obser  itiora 
oaly  are  iweil,  it  wjll'be  unnecessary  to  verify  the  darlc  gliuues.  Even  wlii^ti  idkius 
observatHina  lo  tlie  riKht,  or  oljeervatiune  to  tlie  lefl,  the  error  of  tlie  dark  glaset^  wfO 
he  deatroyeii,  if  the  glass  is  turned  al  each  obaervation,  and  the  number  of  oliterva- 
lions  is  even  ;  but  there  are  some  cases  in  which  an  angle  can  oiiK  he  meoaured  by 
Ode  oliscrvation  ;  then  it  will  be  necessary  to  alkiw  Ibr  tlie  error  uf  the  dark  glass,  if 
tlie  distance  is  i-equired  to  be  found  within  a  few  wconda. 

*  irihr  iirrlmHiion  ontie  pUae  uT  ihe  he 
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DESCRIPTION  AND  CSE   OF  A  PORTABLE 
TRANSIT   INSTRUMENT. 


A  Thaksit  InsTSDMKifT  IS  of  DO  Bervice  on  board  of  a.  vesaol,  but  is  much  uaed 
■nhore,  in  geaporu,  for  regMlaling  cbronometera  tor  sea  voynges,  anrl  in  niEikiDg 
observstions  to  detarmine  the  ionritude.  We  have,  therefore,  thouglii  il  would  be 
uaeAil  to  eive  a  brief  description  of  it,  witb  the  methods  of  adjuBtiDeni ;  paRtcularij 
aa  it  may  be  considered  as  a  valuable  accession  to  the  ^paralus  of  a  good  navigalor, 
wfao^  while  reiiiaiiiing  id  port  a  fbw  days,  can,  by  means  of  it,  B4)n>t  and  fix  the  mte 
of  goinfc  of  njn  utironomeler  with  eaae  and  accuracy,  and  also  oboJD  the  best  data  for 
detemiiniiiii  the  longitude  of  the  place,  by  obaerving  tlie  times  of  the  moon's  transit 


or  faMBjfa  over  the  meridian. 

The  figure  in  Plate  XI,  figure  1,  represe 
usual  construction  of  Mr.  Trourhloo,  with  a  telescope  of  about  twenty  inclies  foca 


figure  in  Plate  XI,  figure  1,  represems  this  inslrunwnt,  according  ti 


len^.  The  telescope  tube  AA  is  in  two  parts,  connected  together  l^  a  spher 
which  also  receives  the  larger  ends  of  tLe  two  axes  C,  C,  placea  at  right  angles  to  uic 
direction  of  the  telescope,  and  forming  the  horizonla]  axia.  This  axis  terminates 
ill  two  cyUndrical  pivow,  which  rest  in  Y's  fixed  at  the  upper  end  of  tht  vertical 
standards  D,  D.  One  of  the  Y's  posaesses  a  small  motion  in  azimuth,  communicated 
by  turning  the  azimuth  screw  a.  In  these  Y's,  the  telescope  turns  upon  its  pivots ; 
brit,  that  it  may  move  in  a  vertical  circle,  the  pivots  must  be  precisely  oo  a  level  with 
each  other;  otherwise  the  telescope  will  revolve  in  a  plane  oblique  to  the  horizon, 
instead  of  being  perpendicular  to  it.  The  levelling  of  the  axis,  as  it  is  called,  is  there- 
fore one  of  the  most  important  adjustments  of  the  instrument,  and  is  effected  by  the 
aid  of  a  spirit  level  El,  which  is  tmide,  for  this  pur|x>Be,  to  stride  across  the  telescope, 
end  rest  on  two  pirots. 

The  standards  DD  are  fixed  by  screws  upon  a  brass  circle  F,  which  rests  or   ~'  "  ~ 

■  "      '       ■     "  itofthe  ■  ■_    '  '    

purpose  o: 
iug  the  EU|i[K>'rt8,  it  being  esaential  for  the  telescope  to  have  not  only  a  free  but  a 


screws  h,c,d,  forming  the  feet  ofthe  instrument,  by  the  motion  of  which  the  operation 
of  levelling  is  performed.     TTie  two  oblique  braces  GG  are  for  the  purpose  of  steady. 


steady  motion.  On  the  extremity  of  one  of  the  pivots,  which  extends  beyond  its  Y, 
is  fixed  B  circle  H,  which  turns  with  the  axis,  while  the  double  vernier,  a,  remains 
stationary  in  a  horizontal  position,  and  shows  the  altitude  to  which  the  telescope  is 
elevated.  The  verniers  arc  set  horizontal  by  means  of  a  spirit  level  f,  which  is 
•Ilacbed  to  them,  and  they  are  fixed  in  their  position  by  an  arm  of  brass  r,  dampeA 
to  the  supports  by  a  screw  k;  the  whole  of  this  ai>paratUB  is  movable  with  the 
telescope,  and,  when  the  axis  is  reversed,  can  be  attached,  in  the  same  manner,  to  the 
opposite  standard. 

Near  the  eye-end,  and  in  the  principal  focus  of  the  telescope,  is  placed  the  rfiopAri^m, 
«r  tmre-plaU,  which  has  five  vertical  and  two  horizontal  wires.  The  centre  vertical 
wire  ought  to  be  fixed  in  the  optical  axis  of  tlie  telescope,  and  perpendicular  to  a  line 
drawn  Uurough  the  pivots  of  uie  axis.  It  will  be  evident,  upou  consideration,  that 
these  wires  are  rendered  visible,  in  the  day-time,  by  the  rays  of  light  jAsaing  down  the 
telescope  to  the  eye ;  but  at  night,  except  when  a  very  liumnous  object  (as  the  moon) 
H  observed,  they  cannot  be  seen.  Their  illumination  is  therefore  effected  by  piercing 
one  of  the  pivots,  and  admitting  tfaa  light  of  a  lamp  fixed  on  the  top  of  one  of  the 
stnndards,  as  shown  at  I.  This  light  is  directed  to  the  wires  by  a  reflector  placed 
diagonally  in  the  sphere  B.  The  reflector,  having  a  large  hole  in  its  centre,  does  not 
iDterfere  with  the  rays  passing  down  the  telescope  fivm  the  object,  and  thus  the 
observer  sees  distinctly  the  wires  and  the  object  at  the  same  time.  Wi>en,  however, 
ibe  object  is  very  faint  (as  a  small  star),  the  light  fixim  the  lamp  wouU  overpower 
ksfoeue  rays.  To  remedy  this  inconvenience,  the  lamp  is  so  constructed  that,  by 
aimhig  a  screw  at  its  back,  or  inclining  the  opening  of  the  lantern,  mora  or  less  li^ 
HMff  be  admitted  to  the  telescope,  to  suit  the  circumstances  of  the  case. 

Tbe  telescope  is  furnished  with  a  diagoual  eye-piece,  by  which  stars  near  tbe 
Mnilb  may  be  observed  vrithout  bcoDvenience. 
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Adjuttme7Ut  of  a  tramit  tTutrumew 

In  fixing  the  inBtrumeDt,  it  ehmild  be  m  placed  that  the  telescope,  wlien  lere^ 
■houlil  point  north  and  Routh  bh  near  as  can  posBibly  be  eHcertained.  This  can  at  first 
bu  done  only  in  an  approximaie  manner,  u  the  correct  determination  of  the  meridian 
«an  onlj  be  oblained  by  obaerva^on,  afler  the  other  adjuatinents  are  completed. 

To  adjvMl  Oit  IvM  ^  eoBima&jti. 

The  first  ndjuMment  is  that  of  the  line  of  collimation,  or  line  of  eight.  Direct  the 
telescope  to  some  distant,  weli-definiid  object  [the  more  diatani  the  tetter),  aiid  bisect 
it  witli  the  iiiiildle  of  the  centrnl  wire  ;  then  lift  the  telescope  very  carefully  out  of  its 
■nfnilnr  henrin^  or  Y'h,  and  replace  it  with  the  aAis  reverHed  ;  point  the  telescope 
again  to  the  satnc  objert,  and,  if  il  be  bIlII  bisected,  the  collimation  adjUBlment  is 
correct ;  if  not,  move  the  wires  one  half  the  error,  by  luming  the  stnall  screws  which 
hold  the  dianhragm  near  the  eye-end  of  the  telescope,  and  the  adjustment  will  be 
nccoTtiplishen  ;  but,  as  half  the  deviation  may  not  be  correctly  estimated  in  moving  the 
wires,  it  lieoomes  necessary  to  vrrify  the  adjustment  by  moving  tlie  ieleBco)ie  ihe 
other  half,  which  is  d<we  by  turning  thi:  aziiimth  screw  a ;  tliifl  givi«  llie  small 
nzimiitliHl  motion  to  the  Y,  betbre  spoken  of^  and  consequently  to  the  pivot  of  the  axis 
which  !( carries.  Having  thus  ogam  bisected  the  object,  reverse  the  axia  as  before, 
and,  if  half  the  error  was  correctly  estimnted,  [be  object  will  be  hisectiul  ii|ton  the 
Miescope  being  directed  to  it ;  if  not  quite  correct,  the  operation  of  reversing  and 
correcting  half  the  error,  in  the  same  manner,  must  be  gone  through  again,  until,  by 
Bucceisive  ajtproximntionB,  the  object  ts  found  to  be  tnaected  in  both  posiUons  of  the 
ub ;  the  adjustment  will  then  be  perfect 

To  a/^tul  Die  wire*  in  Iht  ttUaeopt. 

It  is  desinble  that  the  central  or  middle  wire  (as  it  is  usunlly  termed),  should  be 
truly  vertical,  as  we  shall  then  have  the  power  of  observing  ihe  transit  of  a  siar  on 
any  piirt  of  it,  as  well  as  the  centre.  We  may  ascertain  whetlier  i'  is  so,  by  elerating 
and  depreseiiiff  the  telescope;  for  when  dire<;ted  to  a  distant  objf '  "t  li  bisected  by 
every  |iart  of  Uie  wire,  the  wire  is  vertical ;  if  otherwise,  it  sIiuu.q  be  tidjiisted  by 
luming  the  inner  tube  carrying  the  wire-plate  until  the  above  tt.'st  of  its  being  vertical 
be  obtained,  or  else  care  must  be  taken  that  obeervntions  are  made  near  the  centre 
only.  The  other  vertical  wires  are  'ilaced,  by  the  maker,  equidistant  from  each  other 
and  paiallel  to  the  middle  one ;  therefore,  when  the  midtlle  one  is  adjusted,  the  other* 
are  so  tno ;  he  also  places  the  two  traiisvt'rw  wires  at  right  angles  to  the  vertical  middle 
wire.  These  adjusttnenis  are  always  |ierfornied  by  the  maker,  and  are  but  little  liable 
to  derangement.  When,  however,  tliey  ha|ij>en  lo  get  out  of  order,  aiwi  the  oheerver 
willies  to  correct  them,  it  is  done  by  looHeiung  the  screws  which  hold  tlie  eye-end 
of  the  telescope  in  its  place,  and  turning  the  end  round  a  small  quantity,  by  the  hand, 
until  the  error  is  removed.  But  tliis  ii|N!ration  requires  very  delicate  handling,  ns  it  is 
liable  to  remove  the  wires  from  the  fi.ciis  of  tlie  object-glass. 

To  Jix  (kt  axft  or  armt,  upon  tchieh  the  Uieteopt  mioltie*,  in  a  Xo  izontal  ponHmt 

The  aires  on  which  the  telescope  turns,  must  then  be  set  horizontal.  To  do  this,  apply 
the  level  to  the  pivots;  bring  the  air-biibl)le  to  the  centre  of  the  glass  tube,  by  tiinims 
the  foot-screw  o,  which  raises  or  lowers  tlmt  end  of  the  axis,  and  consequently  the 
level  resting  upon  it;  then  reverse  the  level,  by  turning  it  end  for  end,  and,  if  the  arr- 
biibble  Etiir  remain  central,  tlie  axes  will  be  hnriToniaT;  but  if  not,  half  the  drviation 
must  be  corrected  by  ttie  foot-screw  b,  and  the  other  half  by  turning  the  small  screw 
t,  at  one  end  of  the  level,  which  raises  or  lowere  the  gloss  tube  (containing  tlie  sir- 
bubble)  relative  to  its  supports,  which  n^t  upon  l)ie  pivots.  7%it,  liJit  mott  of  the 
tu^utlmfnU,  Jrtqutt^y  rapnrei  arvtral  rtprlitioia  btfon  it  it  aeeomptithed,  on  accowU  0/ 
Ac  d\^dt^  of  uHmrding  exadiy  half  the  arror. 

This  adjustment  may  also  M  made  by  means  of  tlie  polar  star;  first  by  observini 
directly  its  transit  over  any  one  of  the  vertical  wires  of  the  telescope,  and  immediately 
aAerwarde  observing  the  reflected  image  of  the  same  star  from  a  basin  of  oiiickrilver. 
For  if  the  star  nmiear  on  the  same  wire,  llic  axis  is  {iro|>eHy  adjusted  ;  if  not,  you 
must  bring  the  wire  half  way  towards  il  by  ll)e  siiull  screw  i,aiid  then,  by  the  azimuth 
screw  0,  bring  it  upon  the  wire  again.    Tliis  being  comiieted,  you  must,  ss  so«hi 
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■a  puBBibie,  look  Jinctty  towanla  the  atar,  anil  if  it  ap|>ear  on  the  same  wire,  the 
adjiiitment  is  arcurnte ;  if  not,  repeat  the  operation  till  it  is  so ;  observing  ihat  the 
motion  of  tlie  pole^uir  is  so  very  slow,  that  it  will  not  bo  sensibly  altered  In  Vie 
intorva)  of  taktng  its  transit  directly  and  by  t^-flectiou.  The  farther,  however,  yoii 
ntisen'e  the  star  fn>[n  the  meridian,  the  inore  arciiraie  will  the  observation  be,  atn<-e 
the  motion  of  the  star  lu  a  direction  [tarallel  to  the  horizon  will  then  be  the  least;  and 
when  it  Is  al  its  greatest  azitnuth,  the  horizontal  tnotiou  is  nothing. 


itie  o/ooUima 
u  piaTu  of  U\ 


1  which  the  telescope  turns,  parallel  to  the  horizon,  and 
.....    ...on 'of  the  cetitral  wire,  or  line  of  collimation,  making  ll 

describe  a  vertieal  gr<!at  circle,  per|ieiidicular  lo  the  axis,  we  must,  in  the  IbbI  place, 
fix  till'  histrument  eo  diat  this  vertical  circte  may  be  the  meridian  of  tlie  place  of 
obeervation. 

We  have  supposed  (he  itiBtrumenl  (o  be  ttearly  in  the  meridian.  It  may  bn  sri 
placed,  with  a  great  degree  of  accuracy,  at  the  ^ery  first  operation,  by  means  of  a 
well-regulated  *  and  accurate  time-kee|ier,  by  wbii  \  we  can  detennine  very  neurly 
the  exact  instant  ol'  tlie  tranrat  of  the  pole-star  over  the  meridian,  eitbi^r  above  or 
below  the  pole.  A  few  miimtes  belore  the  time  of  the  transil,  we  must  direct  the 
telescope  towards  the  star,  and,  by  (liming  the  azimuth  screw  a,  bring  the  slur  U|Kin 
tlie  tniddle  wire  of  the  tck-scope.  The  appareiit  million  of  this  nar  is  so  very  elow, 
that  we  can,  by  a  very  small  and  gentle  motion  of  the  aziniulh  screw  a,  keep  llie  slur 
soDKtaiitly  bisected  on  (he  middle  venicol  wire  of  the  telescope,  till  the  moment  of  this 
oaiisit,  as  Indiruteil  by  the  tiine-kee|ier,  has  nrrived  ;  then  the  instrument  will  lie  very 
nearly  in  tlie  plane  of  the  meridian,  and  the  doal  i-j)rrections  must  be  made  in  the 
'ollowing  manner : — 

fSnt  MtOuxL  Make  the  observations  of  the  transits  of  the  pole-star,  above  and 
wlow  the  pole,  at  three  auctrewiive  trtiiisitH,  and  note  the  times  of  observation  by  on 
iccurate  ti[tje-kee|ier.  Then,  if  the  interval  of  time  between  the  hrst  and  second 
*ransiia  is  eipml  to  tlie  interval  bi'twi-en  tin-  m^ond  and  third  transits,  the  instrninent 
will  l)e  (nily  fixed  in  the  plane  of  the  meridiini.  [n  this  case,  each  of  the  iiKervuls 
will  be  equal  to  13  liourti,  sideml  time,  correspond  in g  nearly  lo  11°  58'"  3*,  as 
ihown  by  an  accurate  chronometer,  regulated  to  mean  solar  liine.  \  li  is  very  iinfrar- 
tant,  in  this  ojienttion,  that  the  rate  of  the  time-koe]^ier  slioutd  be  perfectly  imiliirm 
during  both  mtervids ;  Inn  it  is  not  iieeeasiiry  that  ils  rate  or  regiilaiioti  should  l« 
previously  known.  For,  in  the  precedine  example,  if  the  time-keegH^r  move  loo  IIlsi 
for  mean  solar  time,  aiirl  gain,  for  cxampFe,  10*  in  each  of  the  above  intervals,  making 
tbeni  equal  to  ll**  58"  12'  by  tlie  time-keeper,  llieir  e<pialily  would  provn  the  accuracy 
of  tJie  ailjustment  to  the  plane  of  the  meridian,  with  the  same  degree  of  certainty  as  if 
the  tinio-keeper  were  regulated  to  mean  solar  or  sideral  time.  However,  it  is  much 
more  convenient  to  have  It  well  regulated. 

Suppose,  now,  that  the  intervaS,  instead  of  bring  equal  to  each  other,  are  found 
to  differ.  In  this  case,  the  instrument  is  not  placed  accurately  in  the  plane  of  llie 
meridian  ZMmH  (Plato  XI.  fig.  2,  3),  but  the  motion  of  the  teleBro|)e  is  in  some 
vertical  circle,  as  Z3*T,  which  cuts  the  horizon  in  tlie  jioint  T,  siinatrd  to  the 
west  of  the  meridian  H,  in  fisure  2,  or  to  the  east,  in  ligiire  3 ;  the  distance  from 
llie  meridian  being  measuretron  the  horizon  by  the  arc  of  azimuth  HT.  If  we 
now  suppose  that  MWmE  is  the  small  circle  described  by  tlie  star  in  its  dilirlioJ 
motion,  nl  will  be  tlie  place  of  the  star  at  its  upper  transit  over  the  meridian,  and  nt 
its  place  at  (he  bwer  transit,  when  well  adjusted  ;  but  when  tlie  vertical  nr  ~~"~  ' 
'  1  in  the  Terticid  cir  '  "" 
r  ohecrved  transit  s 
s  SW»,  »E8.     Nov 

•  This  [egulmiDo  can  bo  made  by  equal  alllludei  of  iha  lun,  observed  witb  a  >e>i 

■nelliod  or  ahtainlng  ihe  lime  Trom  lurh  obiervBlioDi,  wt\l  be  explBJiicd  herDBllcr. 

t  Iflhe  sun  be  supposed  lo  n^ope  unifeimly  in  iJk  plane  of  the  equalQr,  (he  inlervi 
nan^ils  of  the  sun  over  the  upper  meridian,  ^ill  be  equal  lo  24  hours,  meui  solar  lii 
aieBn  sobu-  lime  thai  chranDinetEnt  are  ugually  adjusied.  llie  inierval  between  twc 
of  a  liinl  slar  over  ihe  ismc  meridian,  is  very  nearly  equal  to  t3>  SO"  4*,  mean  i< 

GteMlier 
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thnt  tL^  ileviatioD  is  always  towards  that  mile  of  the  meridian  where  the  least  interrH 
ia  observed ;  oti,  for  example,  in  figure  2,  where  the  telescope  desnriben  the  veitiea 
ei'fi'Ao  ZStT,  to  the  west  of  the  meridian,  the  western  interval  SWj  is  the  tenat 
The  correction  of  this  adjustment  is  made  by  means  of  a  slight  motion  of  the  azimuUi 
■crow  a;  and  the  quaiicity  of  this  motioii  dcpendB  on  the  liiSerence  of  the  two 
iiiTcrvats.  Suppose,  for  example,  that  one  of  the  intervals  is  11''  58"  S',  and  the 
other  11''  58™  23',  which  differ  20  seconds  of  time;  the  half.4jifFerence,  10  seconda, 
represents  the  time  required  by  the  star  to  pass  over  both  the  small  arcs  MS,  nn; 
aiid,  in  the  case  of  the  pole-star,  where  the  polar  distance  PH,  or  Pni,  is  very  small, 
the  arcs  MS,  tm,  are  very  nearly  equal  to  each  other,  so  that  each  of  these  arcs  will 
be  described  in  almut  one  half  of  10",  or  5" ;  or,  in  other  words,  Ou  time  rrauiretf  to 
describe  tKe  arc  MS,  or  sm,  it  very  naxrig  equtd  to  one  qvarUr^ari  o^  the  differtnee 
betioeen  the  two  inlervaU,  which,  in  the  present  example,  1s  ^  X  20*  =:  o*.  To  correct 
this,  we  must  watch  the  pole-star,  as  it  approaches  towards  the  lower  transit  i,  if  the 
devistjnn  be  to  the  west  of  the  meridian,  or  as  it  approaches  towards  the  tipper  tmnsit 
B,  if  tiie  deviation  be  to  the  east  of  the  meridian  ;  and,  the  moment  the  star  is  bisected 
hy  the  middle  wire  of  the  telescope,  we  must  begin  to  count  these  five  seconds  of 
litne,  and,  by  a  very  ^ntle  motion  of  the  azimuth  screw  a,  keep  the  star  constantly 
bisected  by  the  wire  until  the  eimiration  of  the  time  of  S  seconds,  or  the  quarter  or 
the  difference  of  the  btcrvals.  Then,  if  every  part  of  the  operation  has  been  done 
nccnrately,  and  the  time-keeper  be  perfectly  corroct,  the  instrument  will  be  accurately 
adjusted  in  the  plane  of  the  meridian  ;  but  as  this  is  one  of  the  most  important  and' 
delicBle  adjustments,  it  will  he  best  to  repeat  again  the  observations  of  tlie  three 
transits,  to  ascertain  whether  tbe  fim  and  second  intervals  of  the  successive  transits 
are  equal ;  snd,  if  a  slight  difference  should  still  be  found,  it  must  be  corrected  by 
repealing  the  operation  in  the  manner  we  have  already  explained. 

This  method  of  adjusting  the  transit  instrument  (bv  means  of  the  pole-star)  ia 
preferable  to  any  other  whatever.  Delambre,  who  had  much  practical  experience, 
says  there  ia  no  advantage  in  using  two  stara ;  and  that,  with  a  single  star,  the  prefer- 
ence is  to  be  given  lo  the  pclC'Star ;  after  this  he  recommends  the  stars  d,  ^,  yt  of  the 
I.ittJe  Bear,  and  j  CepheL  These  stara  bein^  more  distant  &om  the  pole,  it  may 
l>ecome  necessary  to  niake  a  small  correction  in  the  quarter  part  of  the  difference  of 
ihe  intervals,  to  correct  for  the  difference  of  the  arcs  SM,  im.  This  correction  ia 
made  hy  means  of  the  Table  A,  page  151,  which  gives  the  correction  for  the  pole- 
iitar,  and  for  other  stara  where  polar  distance  is  leiM  than  40°,  supposing  the  difference 
of  die  two  intervals  to  be  1000  seconds  of  time.  Thua,  if  the  polar  distance  of  the 
star  be  90°,  and  the  latitude  43°,  the  tabular  correction  iv  83*,  which  is  to  be  applied 
to  one  quarter  part  of  the  assumed  difference  of  the  intervals,  1000',  that  is,  350*, 
making  250'  -(-  82'  —  333'  for  the  distance  of  (he  star  from  the  meridian,  at  the 
time  of  the  lower  transit,  and  250'  —  82'  ^  168*  for  tlie  distance  of  the  star  froin 
Ihe  meridian  at  the  upiier  transit,  The»e  times,  SSJ",  166',  must  be  reduced  in  Ihe 
same  ratio  as  (he  actual  difference  of  the  two  intervals  l>eara  to  the  tabular  difference 
1000'.  Tims,  if  the  obsen'ed  difference  of  the  two  intervals  were  205',  instead  of 
1000',  you  must  say,  As  1000'  is  to  205',  so  is  332-  to  68',  and  so  is  168'  to  34', 
ro  that  the  correction  to  he  applied  to  the  lower  transit  is  68',  and  to  the  upper  transit 
:U'.  Theri^fore,  if  the  star  be  approaching  towards  the  meridian  at  the  time  of  tbe 
lower  transit,  you  must  proceed  according  to  the  former  direction  relative  to  the  pole 
star,  and  keep  the  star  constandy  bisected  by  the  middle  wire  of  the  telescope,  by  a 
slifflit  and  pinde  motion  of  the  azimuth  screw  a,  from  tbe  time'of  its  first  transit  by 
that  wire,  tdl  you  have  counted  68"  hy  the  time-keeper.  But  if  the  star  be  approach- 
iuR-  towards  the  meridian  at  the  upper  transit,  you  must  adjust  the  instrument  by 
means  of  the  next  upper  transit,  making  an  allowance  of  34'  for  tbe  distance  fhim 
the  meridian,  and  keepmg  the  star  constantly  bisected,  from  the  time  of  its  transit 
hv  the  middle  wire,  by  means  of  the  azimuth  screw  a,  until  the  termination  of  the 
ti'me  of  34*. 

Belbra  clonng  our  remarks  on  this  method  of  adjustment,  we  may  observe,  that  if 
;be  angular  value  of  one  revolution  of  the  azimuth  screw  Ite  known,  or  Ihe  instrument 
possess  an  azimuth  circle,  by  which  the  motion  of  tlio  telesrx>pe  may  be  accurately 
entimated,  we  may  correct  the  adjustment  by  estimating  the  correction  in  azimuth  In 
..fn-ui^  D   htL.»-.s  >u.s  ...  Ji^fi^m.^  ..r  ....:.„... ..u    :»  .»^_, — i-  „i*  _  j .: -. 


of  Table  B,  where  Ihe  vu^tions  of  azimuth,  in  aeconda  of  a  degree,  are  irivei. 
itr  a  supposed  variation  of  1000  seconds  in  the  difference  of  the  two  intervals.  Thus 
n  the  preceding  example,  where  the  polar  distance  of  the  Mar  is  20°,  latitude  42P 
lilference  of  the  two  intervals  205' ;  the  tabular  correction  for  1000*  [difference  of 
he  two  intervals)  being  30-  42",  we  have  1000' :  205'  : :  30'  42"  :  6-  18" ;  therefor* 
lie  correction  of  a^nuut  is  6'  18",  to  bring  it  into  the  plane  of  the  meridian 
After  the  instrument  has  been  completely  adjusted  to  the  plane  of  the  mendiau,  it 
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m  usual  to  fix  a  nwridiaD  nwrk  on  some  dietaut  otqect  to  th^  north,  and  annllioi  lo  thu 
aouth;  And,hy  mean  of  these  markH,  the  obeerver  can  sBcertain,  with  mtich  RoitaintVi 
whether  the  instnimjiii  has  been  altered  in  its  adjiimmenis,  from  any  accidental  cause, 
since  the  lasl  lime  it  won  used.  Sunietiiiies,  wiili  uu  additiuiiuJ  glass  lo  correspond  to 
tlie  distance  of  the  ninrk,  and  a  scale  of  seconds  of  azimuth  made  oear  the  merir^iuii 
mark,  we  may  correct  the  instruinenl  for  a  few  seconds'  motion  in  azimuth,  wlier 
correcting  the  adjuetmeat  in  the  manner  vre  have  just  been  apeakine  of.  We  may 
here  remark,  that  the  instrument  ought  to  be  fixed  on  sojne  very  stable  supixir^  (us, 
fbr  example,  a.  stone  block,  imbedded  in  the  groiwd  five  or  six  feet),  and  in  as  retired 
a  situntion  as  possible,  to  avoid  the  tremulous  action  from  the  motion  of  corriages,  &c. 
It  will  gJso  be  extremely  coDvenieni,  as  well  as  conducive  to  accuracy,  to  have  the 
instrument  covered  by  a  k)w  building,  with  slits  in  the  roof  on  the  north  and  south, 
fixed  with  movable  abutters,  so  that  the  particular  pan  of  the  northern  or  southern 
sky,  where  the  observed  star  is  situated,  may  be  visible,  while  the  rest  is  covt-red  over 
lo  prevent  the  eutrancB  of  too  much  stray  light  to  the  eye,  when  obuerviug  in  the 
twilight,  or  m  the  day-time.  As  a  greater  security  from  the  interference  of  iliia  kind 
of  ligDi,  the  observer  may  place  a  thick  cloth  over  his  bead,  with  a  part  of  it  very  near 
the  eye  end  of  the  telescope,  which  will  serve  very  well  to  ps-otect  the  eye  from  any 
other  light  except  that  which  pateee  through  the  telescope. 

Second  Method,  This  method  of  adjusting  the  instrument  to  iie  plane  of  the 
meridian,  is  by  means  of  two  well-known  circumpoLor  store,  of  nearly  the  same 
declination,  and  differing  nearly  twelve  hours  in  right  ascension,  by  observing  tha 
one  above,  and  the  other  below  the  pole.  Then  it  is  evkleiit  tliat  any  devituion  in  the 
instrumeDt  Ftom  the  meridian,  will  produce  contrary  efittcts  upon  tlie  observed  time« 
of  transit,  exactly  as  in  the  upper  anil  lower  transits  of  the  same  star.  Here  the  time 
which  elapsee  between  the  two  observations,  will  differ  from  the  time  wliii:h  would 
elapse  according  to  the  catalogue,  by  the  sum  of  tlie  effects  of  thn  deviaiioii  u|)i>ii  ilie 
two  stars.  We  have  given,  in  Table  C,  at  the  end  of  this  article,  the  corrcctious  in 
the  times  of  the  upper  and  lower  transits  of  stars,  for  various  declinations,  and  in  dif- 
ferent latitudes,  supposing  the  instrument  to  be  IG'  40",  or  1000",  in  azimuth  from  the 
plane  of  the  meridian.  Thus,  if,  in  tlie  latitude  of  40°,  we  moke  en  observation  of  tlie 
upper  trauiiit  of  a  star  whose  polar  distance  is  35°,  and,  ai  about  the  satne  time,  the 
lower  transit  of  another  star  whose  polar  distance  is  30°,  we  shall  find  from  the  table 
that  the  correction  of  the  upper  transit  is  &i',  end  of  the  lower  131',  for  1000"  of 
azimuth.  If  the  deviation  of  the  iiiHtrumeDl  were  to  the  east  of  thn  meridian,  by  the 
quantity  1000",  tlie  upper  transit  would  be  observed  too  early  by  66',  and  the  lower 
too  late  by  131* ;  consequently,  the  difference  betwetin  the  observed  transits,  and  the 
Lnies  of  passing  the  meridian  given  by  the  tables,  would  be  Oi'  4-  131'  =^  197*. 
Suppose,  now,  by  actual  observation  it  was  founil  that  tliis  difference,  instead  of  being 
107',  was  only  50' ;  we  should  obtain  the  corresponding  cturection  of  azimuth  by 
saying.  As  ll^'*  is  to  50%  so  is  lOOO"  to  254" ;  and,  to  correct  this  eiror,  we  must 
move  the  azimtith  screw  a  bo  as  to  give  the  instrument  on  increase  of  254''  north- 
westerly azimuth.  In  like  manner  we  find  the  corrections  of  the  times  of  tlie 
transit,  by  saying.  As  197'  is  to  50',  so  is  66'  to  17',  llie  correction  of  the  upper 
IFsnsit ;  or.  As  197'  is  to  50',  so  is  131'  to  ■&,  the  correction  of  the  lower  transit ; 
and  we  must  use  these  numbers  fbr  correcting  the  position  of  the  iiistrumeiiT,  in  the 
same  manner  as  we  have  before  directed.  Tims,  in  the  above  example,  the  sur 
which  was  observed  approaching  towards  the  meridian,  at  the  upper  tnuieit,  was  17' 
from  the  meridian  in  time ;  therefore,  at  the  next  upper  transit  of  the  same  star,  we 
must  observe  it  passes  the  middle  wire  of  the  telescope,  and  then,  by  means  c>f  (he 
azimuth  screw  o,  keep  the  star  constantly  bisected  by  the  wire  during  17  seconds  of 
lime,  and  then,  if  the  observation  has  been  acctuately  made,  the  InstrumeDt  will  be  in 
the  plane  of  the  meridian. 

In  determining  the  direction  of  the  deviation,  it  must  be  recollected,  that  when  the 
deviation  is  to  the  east,  tlje  star  above  the  pole  i)aa3es  too  eHriy,  and  that  lielow  the 
pole  too  late ;  therefore,  if  the  upper  star  precedes,  the  interval  by  observation  will 
exceed  the  true  interval,  between  the  passaEes  of  the  two  stars;  but  if  the  lower  star 
llrecedes,  the  interval  by<  observation  will  be  less  tlian  the  true  interval.  The  con- 
trary takes  place  when  the  deviation  is  to  the  west  of  the  meridian.  This  methtHi 
may  be  usea  ailvantogeously  with  d  Urste  Miuoris,  and  Cepbei  51  Hev.,  which  are  given 
in  the  Nautical  Almanac  In  like  manner,  the  pole-star  may  be  combined  with  the 
OaiB  of  the  Great  Bear. 

T^W  Method.  Thb  method  consists  in  observing  the  transits  of  any  two  slars^ 
differing  from  each  other  considerably  in  declination,  and  but  little  in  right  ssceiisinn. 
The  nearer  the  obaervations  of  the  stars  are  to  each  other,  the  barter,  as  this  prevents 
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:hf!  pnssibilii;  of  any  error  arising  from  a  chan^  in  the  rate  of  the  time-ketiper 
And,  US  the  apparent  places  of  otic  hundred  prmcipal  etnrs  nre  now  given  lu  tiM 
Nautical  Alitinnac,  for  every  tenth  day,  it  will  lie  better  to  select  tno  store  from  that 
Worh.  The  principle  upon  which  this  third  method  is  grounded,  is,  thai  a  hi^  Moi 
is  less  aflecled  by  a  deviation  of  the  instniment  from  the  plane  of  the  meridian,  llian  a 
low  star  i  hence  it  is  evident  thai  if  the  observed  diflerencea  of  the  tmiisits,  reduced 
to  eideral  time,  be  exactly  equal  to  the  dif^reuce  of  the  computed  ri^ht  ascenuoiix,  the 
instrument  will  be  eoncclly  placed  in  the  plane  of  the  meridian ;  if  not,  by  repeated 
oporaiioiis,  by  methods  similar  to  those  befbtc  explained,  the  adjustments  must  be 
completed.  The  restricted  limits  of  this  article  do  not  allow  us  to  go  into  niany 
minute  details  which  are  used  in  large  observaioriei.  What  we  have  lipre  given  will 
be  sufficient  for  all  the  purpoeea  to  which  a  portable  transit  instrument  is  usually 
applied. 

To  obierve  the  trannt  of  any  heavenly  body  over  the  meridian. 

Ilaviof^,  by  means  of  the  previous  cidjustmentB,  made  the  line  of  colliTnation  describe 
a  great  circle,  passing  through  the  zenith  of  the  place,  and  the  oorth  and  south  pcinta 
of  the  horizon,  (he  instrument  will  be  in  a  fit  state  for  making  the  observations.  Ws 
have  said  ttiat  the  telescope  contains  five  vertical  and  two  horizontal  wires,  placed  a 
short  distance  from  each  other.  These  last  are  intended  to  guide  the  observer  in 
bringing  the  object  to  pass  across  the  middle  wire  of  the  field,  by  moving  the  telescope 
till  it  appear  between  them.  The  central  vertical  wire  is  in  the  meridian,  and  tlie  instant 
of  passing  this  wire  will  be  the  time  of  the  passage  on  the  meridian  by  that  star:  but 
OS,  in  notiiig  the  time,  it  will  not  ofleii  happen  that  an  exact  second  will  lie  shown  by 
the  cluck,  when  the  star  is  bisected  by  the  wire,  but  it  will  pass  tlie  wire  iu  tlie 
interval  betwiten  two  successive  seconds ;  the  observer  must,  therefnre,  whilst  watching 
the  star,  listen  to  the  beats  of  his  clock,  and  count  the  seconds  as  tliey  elapse :  he  wiQ 
(hen  lie  able  to  notice  (he  space  passed  over  by  (he  star  in  every  second,  and,  conse- 
quently, its  distance  from  the  wire  at  the  second  before  it  arrives  st,  and  the  next 
second  after  it  hns  pasHeii,  the  wire ;  and,  with  a  little  ptnctice,  he  will  be  able  to 
estimate  the  fniciion  of  a  second  at  wliicii  the  star  was  on  the  wire,  to  be  added  t<i  the 
previous  second.  Thus,  if  the  observation  of  |iassing  the  wire  was  midway  l>etween 
the  7th  and  8th  seconds,  the  time  of  the  transit  would  be  7*. 5 ;  but  if  it  appeared 
more  distant  on  the  one  side  than  on  the  other,  it  would  be  7*. 3,  or  7'. 7,  &c.,  accord* 
ine  to  its  ajiparent  relative  distance  from  (he  wire. 

This  kind  of  observation  must  be  token  at  each  of  the  five  wires,  and  a  mean  of  the 
whole  taken,  which  will  represent  the  time  of  the  star^  pasnge  over  the  mean  or 
meridional  wire.  The  utili^  of  havine  five  wires,  instead  of  the  central  one  only,  tviU 
be  readily  understood  from  the  consideration  that  a  mean  result  of  several  ol»erv«' 
tions  is  deserving  of  more  confidence  than  a  single  one. 

M  obnrvuir  Ikt  tvn,  the  times  of  passing  of  both  the  first  and  •eexHid  limbs  over  the 
wires,  are  to  r>e  observed  and  set  down  as  distinct  observationa  ;  the  mean  of  both 
obaervations  ^ives  the  time  of  the  passing,  of  the  centre  across  the  meriditm.  The 
wires  of  the  instrument  are  generally  placed,  by  the  maker,  at  such  a  distance  trom 
each  other,  that  the  first  limb  of  the  sun  passes  all  of  them  before  the  second  limb 
arrives  at  the  first  wire,  and  the  observer  can  thus  take  the  observations  without  hurry 
or  I'onfusion. 

The  round  limb  otdy  of  Iht  moon  can  be  abierved,  txttpt  withia  tn  hour  or  fwo  of  tht  ' 
full  moon.  Ai  ob/KTving  tht  ktrger  planeU,  the  Jirtt  and  aeeond  limb  may  be  obttrved 
allematdy  over  Oie  Jiee  leirea  ;  that  is,  the  flist  limb  must  be  observed  at  the  Ist, 
3d,  aiid  Sth  wires,  and  the  second  limb  at  the  2d  and  4lh  wires ;  and,  by  reducing 
tlicsc  ohservations  in  the  same  manner  as  those  of  the  sun,  we  obttun  the  meiUional 
paotage  of  the  o-ntre.  When  an  observation  at  one  or  more  of  the  wires  has  been 
lost,  it  is  impossible  to  take  the  mean  in  the  same  way  as  in  a  perfect  observation.  If 
the  unilre  wire  is  the  one  that  is  deficient,  the  mean  of  the  other  four  may  be  taken  aa 
the  time  of  the  meridional  paaaage  ;  or  tbe  mean  of  any  two,  equal  I  v  distant  on  each 
side  of  the  centre,  supposing  the  intervals  of  the  wires  to  be  equal.  But  when  any  of 
the  ude  wires  are  lost,  and,  indeed,  under  any  circumstances  of  deficiency  in  the 
observation,  the  most  correct  melhoil  of  proceeding  is  as  follows: — Find,  by  a  consider- 
able numl>er  of  careful  olieervnlions,  over  all  (he  wires,  the  equatorial  interval  between 
each  side  wire,  and  tbe  central  one.  These  intervalB  are  to  be  set  down  fbr  future 
use.  Then,  when  pari  of  the  wires  only  are  observed,  each  wire  is  to  be  reduced  to 
'he  mean,  by  adding  to,  or  sulitractinir  from,  the  time  of  observation,  as  the  case  may 
tie,  the  equatorial  interval  be(ween  that  wire  and  the  centre  wje,  multiplied  bf  tlw 
seuunt  of  the  declination  of  the  star 
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We  uisll  hereaAer  show  the  um  of  the  iTBiiBit  iiwlniment  ia  regulating  a  cbrononi- 
Mer ;  and  Tor  delennining  the  longitude,  by  lunana  of  the  oLaervations  of  the  tnuisiu 
of  the  mooD  and  moon-culiuiiiaiing  atan. 
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43 
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113 
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94 
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TABLE   B. 

Correction  of  the  azimuth,  m  minutes  and  tenths  of  a  minute  of  space,  corre- 
■ponding  to  a  difierence  iu  the  two  intervals  of  1000  seconds  iu  time. 

LaL 

PoU 
Star. 

Peiar  Dulanct 

iifAeSar. 

0° 

5° 

10» 

15° 

2U° 

25° 

30° 

35° 

40° 

0 
10 
20 
30 

1.00 
1.43 
1.48 
1.57 

0 
0 
0 

5.99 
5.34 

5.50 
6.30 

11.03 
11.13 
11.46 
12.46 

10.47 

17.03 
17.58 
19.23 

33.47 
33.10 
34.16 

36.20 

B9.13 
29.40 
31.06 
33.45 

36.11 

36.44 
38.30 
41.47 

43.53 
44.33 
46.43 

50.40 

52.35 
53.23 

.17.10 
60.43 

35 
40 
42 

3.04 
3.12 
2.16 

6.43 
7.09 
7.23 

13.29 
14.25 
14.58 

20.30 
21.55 
33.36 

27.51 
29.46 

30.42 

35.40 
38.09 
39.19 

44.10 
47.14 

48.41 

53.34 
57.17 
59.03 

64.11 

70^ 

44 

48 

2.21 
2.36 
2.31 

7.37 
7.54 
B.12 

15.33 
15.54 
16.31 

23.21 
24.10 
!£.06 

31.42 

32.50 
34.05 

40.37 

43.04 
43.40 

50.18 
52.05 
54.04 

61.00 
63.10 
65.35 

50 
53 
54 
56 

58 
60 

a.38 
a.45 
2.5S 

8.33 

e.54 

9.20 

17.11 

17.57 
18.48 

26.07 
37.16 
28.34 

35.29 
37.03 
38.48 

45.28 

47.28 
49.43 

56.17 
56.46 
61.33 

3.01 
3.11 
3.23 

0 
0 

9.48 
10.31 
10.58 

19.46 

30.51 
22.06 

30.03 

31.04 
33.35 

40.47 
43.03 
45.37 

59.16 
&>.0!) 
58.27 
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ON  PARALLAX,  REFRACTION,  AND  DIP  OF 
THE  HORIZON. 


Parallax  (or  diumal  parallsx)  is  Hit  diffirena  betuttn  Iht  true  altittuk  qf  the  ttm, 
ttmrn,  or  star,  if  il  wert  obnmtd  at  tht  ctriirf.  of  the  earth,  and  the  appnrrrd  altitude 
obatrmd,  at  tht  tamt  iralant,  by  a  fpectator,  at  any  poiM  on  the  siir/hce  tff  Hit  tarih. 

TliUH,  in  Plule  XIL,  figure  3,  let  ABC  be  the  eorlfa,  C  its  cetjuv,  A  tlie  place  of  a 
nectatoi,  ZAK  a  vertical  plane,  psssirjg  through  the  plitce  D  of  the  moot),  or  the 
pWe  d  of  B  planet;  EDF,  ci^G,  circular  arcs  drawn  about  C  as  s  centre,  and  KZ 
IwrtortheHtBrry  heaveui.  Then,  if  at  any  time  the  moon  be  at  D,  she  wilj  lie  referred 
10  the  point  H,  by  a  apeclator  aupposed  to  be  placed  at  the  centre  of  the  eartJi,  and 
tliie  IB  called  the  fni«  place  of  the  moon  ;  but  the  spectator  at  A  will  n'fer  tlie  moon 
to  the  point  b,  and  this  \»  called  the  apparttd  place  of  the  moon  ;  the  ditfercnce  Hb 
(or  the  angle  HDi^:;ADC)  ia  ceiled  the  moon's  pamUiu;  in  altiludt,  which  is  evidenllf 
jp-eHtest  when  the  moon  ia  in  the  horizon  at  E,  being  th<;ii  e<)ual  to  tlin  urc  KI,  ani] 
It  decreaaes  from  tba  horizon  to  the  zenith,  and  is  there  nothing.  Tiie  parallax  is 
lesH  as  the  objects  are  farther  from  the  eurth  :  thus  the  parallax  of  a  planet  ut  d  is 
rapreaented  by  ab,  being  teas  than  thai  of  the  moon  at  D;  and  the  horizontal  (mmlliui 
K/ of  the  planet  la  les  than  the  horizontal  parallax  KI  of  the  moon.  As  the  iwraltax 
iDBilcea  the  objects  appear  lower  than  they  really  are.  It  is  evid^ut  that  the  iiarallax 
mun  be  added  to  Uie  apparent  altitude  to  obtain  the  true  altitude.  Having  the  hori- 
zontal parallax,  the  parallax  in  altitude  is  easily  found  by  the  following  rule: — ^a 
radiut  u  to  the  eotint  of  tlie  iniparent  altitude,  lo  is  the  horizontal  paraHai  lo  the  parallax 
in  altitude.  This  rule  may  be  easily  proved  ;  foi'  in  the  triangle  CAE^  we  have  CE  : 
CA::  radius:  sine  CEA  ;  and  in  the  triangle  CDA  we  have  CD  (or  CE):  CA  ::  sine 
CAD :  sine  CDA ;  hence  we  have  rodius :  sine  CEA : :  sine  CAD :  wne  CDA ;  but  CEA 
=  horizontal  parallax,  CDA  =  parallax  in  altitude,  and  aine  CAD  =  cosine  npp.  ah. 
Hence  we  have  radius  :  cosine  app.  alt.  ::  sine  hor.  par.  :  aine  par.  in  alt. ;  but  the 
parallnxes  of  the  heavenly  bodies  being  very  small,  the  sines  are  nearly  proportional 
to  the  parallaxes ;  bence  we  may  say,  As  radius  :  coune  app.  alt.  : :  bor.  pur.  ;  par. 
in  alt. 

The  sun's  mean  parallax  in  altitude  is  given  in  Table  XIV.,  for  each  5°  or  10°  of 
altitude.  The  moon's  horizontal  parallax  is  given  in  the  Nautical  Almanac,  for  every 
noon  and  midnight  at  the  meridian  of  Greenwich  ;  also  that  of  the  sun  for  evitry  ten 
days,  and  the  parullaxes  of  Venua,  Man,  Jupiter,  and  Saturn,  for  every  five  daya, 
throti^out  the  year. 

Refraetion  of  the  heavenly  bodies. 

It  is  l(nown,  by  various  experiments,  that  the  rays  of  light  deviate  H-om  their 
rectilinear  course,  in  passing  ohlinuely  out  of  one  meilium  into  another  of  a  difTcrent 
density;  snd  if  the  density  of  the  latter  medium  continually  increase,  the  rays  of  light, 
in  passing  through  it,  will  deviate  more  and  more  from  the  right  lines  in  which  they 
were  projected  towards  the  perpendicular  to  the  surface  of  the  medium.  This  may 
be  illustrated  by  the  following  experiment : — Make  a  mark  at  the  botrom  of  any  basin, 
or  other  vfescl,  and  place  yourself  in  such  a  situation  that  the  hither  edge  of  the  basin 
may  just  hide  the  mark  from  your  sight ;  then  keep  your  eye  steady,  and  let  anothei 
person  fill  the  basin  gently  with  water;  as  the  basin  ia  filled,  you  will  perceive  the 
mark  come  into  view,  and  appear  to  he  elevated  above  its  former  situation.  In  a 
•imilar  manner,  the  tight,  in  poasing  from  the  heavi;nlv  bodies  through  the  atmosphere 
of  the  earth,  deviates  from  its  rectilinear  course.     By  this  means  the  objects  appesr 
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the  earth  DEF,  and  Irt  an  observer  be  at  1>,  and  n  star  at  a ;  'ben,  if  rhnre  were  no 
refraction,  the  observer  would  «ee  the  stsr  rtcenrding  to  the  ilirerlioii  if  the  right  line 
D  a ;  but  as  the  lifchl  ia  refracted,  it  will,  wlien  entering  the  ati]ioe]>here  near  A,  be 
bout  Irom  its  rectilinear  course,  and  will  describe  a  curve  line  from  A  to  U,  and, 
at  entering  tlie  eye  of  the  observer  at  D,  will  appear  in  the  line  D  6,  whic-li  is  a 
tangent  to  the  curve  al  the  point  D,  and  tbe  arc  ab  will  be  the  refraction  in  ulliiude, 
or,  simply,  the  retraction,  which  nitist  be  subtracted  from  the  observed  altitude  to 
obtain  the  true. 

At  the  zenith,  the  refraction  is  nolbing;  and  the  less  the  altitudp,  the  more  obi  iijudy 
the  rays  will  enter  tlie  autirisphere,  and  tbe  greater  will  be  the  refraction :  at  the 
hori/on,  tbe  refniciion  is  greatesL  In  coiujtujuence  of  the  refraction,  any  heavenly 
body  mty  be  actually  below  the  horizon  when  aiipearing  above  it.  Titus,  when  tha 
gun  is  al  T  below  the  borizou,  a  ray  of  light  Tl,  proceeding  fhitn  T,  cornea  in  a  right 
line  to  I,  and  ia  there,  ou  entering  the  atinoHphere,  turned  out  of  its  rectilinear  course. 
Bod  is  so  Itent  down  towards  tbe  eye  of  the  obsi;rver  at  0,that  tbe  ami  appears  in  the 
direction  of  the  refnicted  ray  above  the  horizon  at  S. 

The  mean  (|uautity  of  the  refraction  of  the  heavenly  bodies  is  given  in  Table  XD 
All  obaened  altitudes  of  the  sun,  moon,  planets,  or  otlier  heavenly  bodii^s,  iiiuHt  be 
decreased  by  tlie  nnuiliers  taken  from  that  table  corresponding  to  the  observed 
altitude  of  the  objecL  Tbe  refraction  varies  wiilj  the  temperature  and  density  of  the 
air,  increasing  by  cold  or  greater  denaity,  and  decreasing  by  heat  and  rarity  of  the 
atinospliere.  Tlie  corrections  to  be  applied  to  the  numbers  taken  from  Table  XIL, 
for  the  different  hoiehla  of  Fahrenheit's  Thermonieier  and  the  Barometer,  are 
given  in  Table  XXXVL*  Thus,  if  the  refraction  be  required  for  the  apparent 
altitude  5°,  when  the  thermometer  is  at  30°,  and  tlie  barometer  ai  30.l>7  inclies,  vre 
•liall  fiave  the  mean  refrai-tion  by  Table  XII.  equal  to  &  53",  and  by  Tiible  XXXVI. 
UiB  correi'lioii  corresponding  to  the  height  of  the  thermometer  HCr  ecpial  to  -\-  48", 
and  for  tbe  liai-umeter  30.67  equal  to  •^-  33";  hence  the  true  refraction  will  be 
9  Sir  +  48"  +  22"  :^  11'  3". 

There  is  sometimes  an  irregular  refraction  near  the  horizon,  caused  by  the  vapor» 
near  the  surface  of  tlie  eurtli;  the  only  method  of  avoiding  the  error  arising  from  this 
source,  which  is  aometiines  very  great,  is  to  take  the  obaervattom  at  a  time  when  tha 
(ri)ject  which  is  ubst^rved  is  more  than  10°  above  the  horizon. 

The  refraction  makes  on^  terrestrial  object  appear  more  elevated  than  it  really  is. 
The  quantity  of  this  elevation  varies,  at  difterent  times,  from  ^  to  ^  of  the  angle 
Ibmicd,  at  tlie  centre  of  the  earth,  Itetween  the  object  and  the  oteerver ;  but,  in 
general,  this  itifractlon  is  about  -^  of  that  angle. 

Dip  of  the  horizon. 

Dip  of  Iht  horixon  is  the  ansle  of  depression  of  the  visible  horizon  below  the  true 
or  sensible  horizon  [touching  the  eartli  at  the  observer),  arising  from  the  elevation  of 
the  eye  of  the  observer  above  the  level  of  the  sea.  Thus,  in  Plate  XU-,  figure  I,  let 
ABC  represent  a  vertical  section  of  the  earth,  whose  plane,  being  produced,  psase* 
through  the  observer  and  the  object,  and  let  AE  be  the  height  of  the  eye  of  the 
observer  above  tlie  surface  of  the  earth  ;  then  FEG,  drawn  parallel  to  the  tangent  to 
the  surface  at  A,  will  represent  the  true  horizon,  and  EIH,  touching  the  earth  at  I, 
will  represent  llie  apparent  horizon  ;  therelbre  die  angle  FEH  wili  be  tbe  dip  of  tbe 
horizon.  Let  M  be  on  object  whose  altitude  is  lo  be  observed  by  a  fore  obsci^ation 
by  liriuging  tlie  imaj^e  In  contact  with  the  ap[mre>it  horizon  at  H ;  then  will  tlte  niigle 
MEH  lie  the  oiKerved  altitude,  which  is  greater  than  the  angle  MEF  (ilie  altitude 
independent  of  the  dip)  by  the  quantity  of  the  angle  FEH ;  so  that,  in  taking  a  fore 
obaervation,  the  dip  must  be  subtracted  from  the  obeerved  altitude  to  obtain  the 
oltitiide  corrected  for  the  dip.  In  a  back  olieervation,  the  Bp}iarent  horizon  is  in  the 
diivctlon  EK  ;  and,  by  continuing  this  line  in  the  direction  EL,  we  shall  have  the 
observed  altitude  MBL ;  and  it  is  evident  that  lo  this  the  dip  LEF  {^=  KEG)  must 
be  ailded  to  obtain  the  altitude  corrected  for  the  dip. 

In  TalileXllI,  ia  given  the  dip,  for  every  ^iroliable  height  of  the  observer,  ejq)re89ed 
in  feec  In  calculating  thia  table,  attention  is  paid  to  the  terrestrial  refraction,  which 
decreuHea  tlie  dip  a  little,  because  IE  becomes  a  curve  line  iusteod  of  a  straight  on^ 
and  EH  is  a  tangent  to  that  curve  in  the  point  E. 

*  Till]  lalile  is  lo  be  Enleied  with  Ibe  be\gbl  o(  ihe  ihermomeler  or  baromcler  SI  the  lOfi.  and  tb* 
■ppnicut  tllilude  Bt  Ihe  ilcle ;  under  Ihe  Tannei,  snH  oppoiiile  Ibe  laller,  will  b«  the  correclion  coIT» 
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Wliat  has  been  said  concerning  the  dip  of  the  horlzoD,  HuppoBeg  it  Tree  frum  all 
ancumbrancea  of  land  or  other  olijeuta;  but,  as  itollen  happens,  when  ahlpsan;  Hailing 
along  Bbore,  or  at  anchor  in  a  harbor,  that  an  obaervation  is  <viuted  wliuii  the  sun  is 
3ver  ihe  land,  and  tho  shore  nearer  the  ship  than  the  visible  horizon  would  be  if  it 
were  uncontined,  iu  thb  caee,  the  dip  of  the  horizi>a  will  be  ditl(:reni  fruin  what  ii 
otherwise  would  have  been,  aiid  ^irenier  the  nearer  the  ship  is  to  that  part  of  tbe 
shore  to  which  Ihe  sun  is  brought  down.  For  this  reason  Table  XVI.  has  been 
inserted,  which  contains  llie  dip  of  the  sea  at  diSerent  heights  of  the  eye,  and  at 
diflereul  distances  of  the  Bhip  from  the  land.  This  table  ia  to  he  entered  ut  the  top 
with  the  height  of  the  eye  of  the  observer  above  the  level  of  the  tea  In  feet;  and  in 
the  left-hand  side  column,  with  the  distance  of  the  ship  from  the  IuikI  in  si;a  miles 
and  ports.  Under  the  former,  and  opposite  the  latter,  stands  ibe  dip  of  the  horizon, 
which  is  to  be  snbtracteii  from  the  altitude  observed  by  a  fore  obeervaiion,  instead 
of  the  numbers  in  Table  Xlfl. 

The  distance  of  the  land  reqnisite  in  finding  the  dip  from  T^le  XVI.,  may  be 
found  nearly  in  the  following  manner: — Let  two  observers,  one  pJHccd  as  high  on 
the  main-mast  ae  be  can  conveniently  be,  and  the  other  on  die  deck  iminediHielj' 
beneath  him,  observe,  at  the  same  instant,  the  altitude  of  the  aun  or  other  object  that 
may  be  wanted,  and  let  the  height  of  the  eye  of  the  iipjier  observer  above  diut  of  the 
lower  be  measured  in  feet,  and  mnltiplieu  by  0.56;  then  the  product,  being  divided 
by  the  difference  of  the  observed  altitudes  of  the  sun  in  minute!^  will  be  the  distance 

Thus,  if  the  eye  of  the  up])er  observer  was  68  feet  higher  than  that  of  the  lower, 
end  the  two  observed  altitudes  of  the  sun  20°  C  uiid  30°  12',  the  dtatauce  of  thi:  laiitl, 
in  Bi-s  niiles,  would  heSJL  For  68  X  OM  —  3a08,  and  ttiis,  being  divided  by  the 
difference  of  the  two  observed  attitudes  of  the  sun  19',  gives  3Jt!,  nearly.  Now,  if  tha 
lower  observer  be  35  ff^t  aliove  the  level  of  the  sea,  the  dip  corresponding  to  this 
height  and  the  distance  3^  miles  will  Ite  6',  which,  being  subtracted  from  20°  0", 
leaves  19°  54',  tlie  altitude  corrected  for  the  dip. 

The  dip  may  be  calculated,  in  this  kind  of  obeerrations,  to  a  sutHcient  <leKree  of 
accuracy,  without  using  Table  XVL,  in  the  foQowing  manner  :~Di vide  the  ditfen-nce 
of  the  heights  of  the  two  observers  in  feet,  by  tho  difference  of  the  observed  altitude 
in  nilnutes,  and  reserve  the  quotienL  Divide  the  height  of  the  lower  oliserver  in  leet 
by  tliiB  reserved  number,  and  to  the  quotient  add  one  quarter  of  tho  reserved  number 
and  the  sum  will  be  tlie  dip  in  minutes  corresponding  to  the  lower  observer.  Thus. 
in  the  above  example,  ^  ^  5'.6  is  the  nwerved  number,  and  i^  j::r  4.4 ;  to  this  add 
one  fourth  of  S'.fl  or  1'.4,  and  the  sum  will  be  the  dip  5'.8,  or  nearly  &,  corroKpolidini 
Ut  iJm  lower  o'jserver,  being  the  same  as  was  found  by  the  table. 
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TO    FIND   THE  SUN'S   DECLINATION. 


Thb  der.lmntion  of  the  mn  is  given,  to  the  nearest  minute,  in  Table  f  V^  (or  ever) 
■oon,  at  Greenwich,  fhim  the  year  1833  to  1848 ;  and  this  ulile  will  answer  fut  some 
years  beyond  ttiai  period,  without  anj  lusterial  error.  If  greut  aci:umcy  is  required. 
tlie  decimation  may  be  taken  from  thie  Nautical  AlniaDnc.*  Tliis  decJiuation  may  be 
reduced  in  any  otiier  meridian,  by  means  of  Table  V.,  in  the  following  manner: — 

Tojind  Iht  itttt's  deelinatioH,  at  nooH,  at  any  place. 
RULK. 

Take  out  tlie  declination  at  noon,  at  Greenwich,  from  Table  TV^  or  i^m  the 
NaiiticaJ  Ahiinnac ;  then  lind  the  longitude  from  Greenwiclt  in  the  top  column  of 
Talile  v.,  and  the  day  of  the  montli  in  the  aide  column ;  under  the  former,  and 
opposite  lo  tlie  luiter,  is  a  correction,  in  minutes  and  seconds,  to  be  applied  to  the 
dectinnlioD  taken  from  Table  FV.;  to  know  whether  this  correction  be  additive  or 
Bub'jactiTe,  you  must  look  at  the  top  of  the  column  where  you  fbund  the  day  of  the 
month,  and  you  will  see  it  noted  whether  to  add  or  Bubtract,  according  as  the  lon- 
dtnjde  is  east  or  wesL  This  correction  being  applied,  you  will  have  the  decimation 
at  noon  at  the  given  place.  i 

EXAMPLE   I. 

Required  the  declination  of  the  sun,  at  the  end  of  the  sea  day,  October  10,  1664,iii 
diB  longitude  of  130°  C  from  Greenwich. 
Sim's  declination,  Octotier  10,  at  Greenwich,  at  the'eud  of  the  aea  day,  or 

beginning  of  the  Jay  in  the  N.  A.,  by  Talde  IV. ^61' 8. 

Vwiationofdec.,  Table  V,  October  ro,  in  130°  E.  long. aub.    jO     8 

True  dec.  noon,  October  10,  in  long.  130°  E. J6_43  S. 

EXAMPLE  II. 

Beqtiired  the  aun^  declination  at  noon  ending  the  aea  day  of  March  12,  1864,  in 
the  longitude  offiS"  W.  from  Greenwich. 

Sun's  dei-iination,  March  12,  by  Table  IV. ^°  6' S 

Var.  Table  V.,  March  13,  long.  65°  W. sub.    i 4 

True  declination,  noon,  March  12,  long.  65°  W, 8    2  S 

The  preceding  correction  ought  always  to  be  applied  to  the  declinnlion  jused  in 
working  a  meriihan  observation  to  detennine  the  latitude,  though  many  marlaere  are 
in  the  habit  of  neglecting  iL 


1^  Iho  declination,  or  any  olher  quaaiiiT,  in  the  NautinI  Alnunc,  yni  muil  be  f  arefiil  to 
iiii{(hi,  and  eodi  (be  MIowing  midnlghi,  tbe  inietval  beinc  divided  into  14  boun,  and  ii  rpckiiniil 


le  ibe  difTeic 

■    ibe  following  midnight,  the  inietvsl  beinc  divided  into  (4  boun,  and  is  t^ckciniii 

_ _._ ram  1  lo  11, Iheii  beginning  Bgain  Bl  land  endinj  Bl  11     Tlie  naulifsl  i»  seodnj 

begliit  at  noon,  1!  hnuri  before  the  civil  day.  and  endi  (he  following  noon  {  the  lint  13  honn  4"  mark- 
ed P.  Itl..  the  latter  A.  H,  The  HXronomicBl  dgy  begini  It  noon,  II  houn  alter  tbe  cHvIl  dav.  and 'i4 
boiin  aller  the  lea  day,  and  »  divided  into  14  houn,  numbered  in  numeral  lUFcession  froih  1  to  M, 
beginning  hI  noon,  nnd  ending  ibe  following  noon.     All  the  ralrulationa  of  the  IVBUtlral  Alntnar  are 

■JfieJielbi.  LugiiHiiiigiif  ilie  amowiiiiii'Bt  aay.or  id  the  eat)  of  tb«  iwtfBy^ll  MiHg  at  Ihe  cnrl  of 
Ihe  tea  day  when  niaiiaen  want  Ibe  decliDaiion  lo  deieriniDe  iheir  lalitude.  Il  would  be  much  bettor 
if  aeamen  would  adopl  Ihe  ailionomical  day,  and  wholly  neglect  the  old  melliod  of  COUMIDg  bv  Itaa 


^- 


»KtraA(JTmX 


■o 


i       * 
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TO  HND  THE  SUN'S  DECUNATIOH.  15T 

To  find  the  nm's  deeUitaiiott,  at  any  twu,  vnder  any  nuritUtm- 
RULE. 
Reduce  the  nin'i  declinstion  U  noon  at  Oreenwich,  to  nooD  under  the  given  me 
lidian,  by  the  preceding  rule;  then  enter  Table  V,  ■with  the  time  fixim  noon  at  the 
■op,  and  the  day  of  the  month  in  the  aide  column;  under  the  former,  and  opposite  the 
btler,  will  be  the  correctiuu  to  be  applied  to  that  reduced  declination.  To  know 
whetlier  tills  correction  be  additive  or  subtmctive,  you  must  look  at  the  top  of  the 
colunin  where  you  found  the  day  of  the  month,  and  you  will  find  it  noted  whether  to 
•dd  or  Bubtraut,  according  as  the  time  la  before  or  after  noon. 

EXAMPLE  IIL 
Required  the  Bun'a  declination  October  10,  1864,  sea  account,  at  8'  21"'  in  tlie 
forenoon,  in  the  longitude  of  13U°  £.  from  Greenwich. 

Sun'a  declination  Oct.  10,  at  Greenwich,  at  noon,  by  Table  IV. 6°  51    8 

Variation  for  130°  E.  long. (..Bubtract    8 

Declination  at  noon,  October  10,  in  long.  UtO"  E 6  43    S. 

Variation  of  dec  for  3'' 39- from  noon,*  Oct.  10, lubtract    3 

True  dec  Oct  10^  sea  ace  in  long.  130°  E.  at  8' 31-,  A.  M 6  40  S. 

EXAMPLE  IV. 

u  5"  30-,  P.  M.,  in  the 


Difn  ia  additive,  becauae  the  greatest  numl)er  is  so S  06 

Hay  10,  sea  account,  is  May  9,  by  N.  A.,  at  which  time  the  sun's 

declination 17°  26  27 

TruedecMoylO,5''30™,  P.MTBeaiu:count,inlong.  35°45'E. 17  28  33  N 

EXAMPLE  V, 
Required  the  sun's  declination  March  US,  1836,  sea  account,  ai  3'',  P.  M.,  in  tha 
longitude  of  140°  W.  from  Greenwich. 

Variwion  of  declination,  March  26,  in  long.  140»W. add  9*  08" 

Variation  for  3S  P.  M odd  2  56 

Sum la  04 

March  26,  sea  account,  is  March  35,  by  N.  A.,  fi  which  tiine  the  sun's 

declination 1°  5(i  41     N 

True  dec  Harcb  36,  3^  P.  M.,  wa  aMOunt, 2  06  45    N 

mati  3»  aSH  o(  lb*  cud 


izedbyGoOglC 


VARIATION    OF   THE   COMPASS. 


It  was  many  jenre  after  the  discovery  of  the  compass,  before  it  v»^  luspttcied  that 
the  mspie':ic  needle  did  not  point  accurately  to  the  north  pole  of  the  world  ;  biiL 
about  tlic  middle  of  the  iixteenth  century,  olWrvatioDH  were  inacle  in  Erglanil  anil 
Francfs  which  flilly  proved  tliat  the  needle  pointed  to  the  (westward  of  the  true  nonh. 
This  'liflerence  is  called  the  variation  of  the  a)mp<iM,  nnd  ia  iiained  toM  when  the 
north  [Kiuit  of  the  compnsB  (or  magnetic  north)  is  to  the  eastward  of  tlie  true  north,  but 
wfj/  when  the  north  point  of  the  conipiuw  ia  lo  the  westward  of  the  true  north.  The 
quiiiitiry  of  the  variation  may  lie  fhund  hy  observing,  with  a  compass,  ibe  bearing  of 
any  cclealiai  ohjoci  when  in  the  horizon,  (or,  hb  it  iB  called,  the  ma^rtit  atnpHiiuie ;) 
the  difference  between  this  and  the  tnie  amplitude,  foimd  by  calculntion,  will  be  the 
variation.  The  eame  may  be  obtained  by  oliaerving  the  magnHic  azimuth  of  any 
celestial  object,  (that  is,  itB  lienring  by  a  com^RHB  when  elevated  altove  the  horizon ;) 
the  diffijrcnce  between  this  and  the  true  azimuth,  found  by  calculalinn,  will  be  the 


Some  yeara  after  the  discovet^  of  the  variation,  it  was  fonnd  that  it  did  not  remain 
constant ;  for  the  easterly  variation,  obnerved  in  England,  gradually  decreased  till  tha  - 
needle  pointed  to  tlie  true  north,  and  then  increased  to  the  westward,  and  is  now 
aliove  two  points. 

As  iill  ilie  courees  steered  by  a  compass  must  be  corrected  for  the  variation,  to 
obtain  the  trai:  courses,  it  is  of  great  imjwrtance  to  the  navigator  to  know  how  to  find 
tlie  viirialioTi  at  any  linie.  To  do  this,  it  is  necessary  to  find  the  magnetic  amplitude 
or  aziinutii  of  a  celestial  object,  which  may  be  done  as  tbilows : — 


To  observe  an  ampUtudt  by  an  azimuth  compass.* 


When  the  centre  of  the  sun  is  about  one  of  his  diameiervf  almve  the  horizon,  luni 
the  C0IIIIKI8N  round  in  the  box,  tmlil  the  centre  of  tiie  aim  is  seen  thnuigh  the  nan'ow 
•lit  wbich  is  in  one  of  the  sight-vanes,  exaciljr  on  the  thread  which  bisects  the  slit  in 
theollier;t  at  that  instant  |)UHh  the  stop,  which  is  in  tlie  aide  of  tlie  box,  ngaiust  tha 
edge  of  the  card,  and  the  degree  and  parts  of  a  decree  wliich  stand  against  the  middle 
line  on  the  top,  will  be  the  magnetic  amjilltiide  of  the  sun  at  that  time,  which  is  gen- 
vrally  nxkoned  from  the  east  or  west  point  of  the  compHiH. 

To  observe  an  aximnth  6y  an  azimuth  compass. 

Turn  the  compass  round  in  the  box  until  the  centre  of  the  sun  is  seen  through  the 
narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the  thread  whirh  hisects  the 
slit  on  the  other,  or  until  the  shallow  of  the  thread  falls  directly  along  the  line  of  the 
horizontal  Uir ;  t  the  r^rd  is  tlien  to  bo  stopped,  and  the  degree  and  parts  of  a  degree 
which  stand  against  the  middle  tine  of  the  stop,  will  be  the  insgnelic  azimnth  ot^the 
sun  at  that  time,  which  is  generally  reckoned  fhim  the  north  in  north  latiiiiJe,  and 
from  ihe  south  in  aouth  laiituile.  ^  At  the  time  of  making  thin  olHvrvation,  you  must 
also  obsen'e  the  altitude  of  the  sun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  said  of  the  sun,  is  tilike  a[iplicable  to  the  moon,  planetsj  and  aiara. 

•  Th*  figure  of  an  aiimulh  compasi,  furnished  with  iigiil-VBiiM,ii  given  in  Plate  VI.,  figure  S.    "Oie 

\  The  ohcrrvniiuD  ii  lo  be  laken  Bi  ihsi  ajliiiiile  on  Recount  Dfihe  dtp.  refrutinn,  and  paraiiu,  the 
'■-'■:'    '-  depending  on  these  cauiei  being,  in  gencrel.D — ' ' '- "■- '-  -■■ 


t  ir  Ibe  insK 
of  pmceeding  a^  phove) 


auiei  being,  in  general,  nearly  equeJ  to  Ihe  lun'i  diameler. 
nagnifying  gluu  died  to  one  of  tbe  vanei,  you  niB)'  (inalea 


iriglil  speck  . 

If  u|>ai  Ihe  line  i  .      _  ■  i      ■  - - 

f  ir  lUe  coiapui  vibrate  comideiablv  at  tbe  lime  of  aukiiig  die  obwivaiioai,  it  would  be  cowhieiv* 


VARIATION  OF  THE  COMPASa. 

To  find  the  true  ampUtudt. 
KULE. 


■To  ftc  lag.  Meant  of  Oe  latUudt  {r^edmg  10  fn  Ote  index)  ndd  the 
'  -''-*'       '  Iht  tarn  trill  be  Oie  log.  line  oj"  the  true  ampUtud 


BtLoi 

hi;,  lint  of  Ihe  ^  ,  ..     . 

dutance  of  tlte  tun  Jrom  Oie  eait  or  teerf  poaii,  tovmrdi  the  north  xn  north  declinatton, 
toaardi  the  mnilh  in  mmlh  dedimition. 

Bt  UspECTioy^FUd  the  dediiuOion  at  Oe  top  of  Tabk  VII.,  md  IM  latttude  in  the 
tide  toiumn ;  mider  the  former,  and  oppo&He  the  latter,  uiill  be  the  true  amplitude.  Wljeti 
in^nt  accuracy  is  required,  you  may  pro|iartioD  for  the  miaulcB  of  latitude  aiid  decli- 

EXAMPLE    1, 


BY    LOGAaiTHHS. 
LMitude  3iP    C     Log.  Sec.  O.lOilM 

gun's  declin.  33  W    Log.  Sine,  9.fiOOI2 
True  unpll   30   49    Log.  Sine,  9.70968 


BY  I>SPECT10N. 
Under  the  declinalinn  23°  S8',  and  op- 
posite ihe  latitude  ;jH°,  stands  the  t-u« 
anipliiude  80°  49'. 


IT  amplitude  of  the  n 


I  at  r 


s  E.  30°  4?'  a,  and  I 


EXAMPLE  IL 
B  amplitude  at  settiiig,  b 


the  latitude  of  35°  8'  N.,  when 


BY    LOGARITHMS. 

Uritude  35°  8"  Log.  Sec.  OXmM 

Houn's  ileclin.  13    0  Log.  Sine,  935il0i) 
True  atnpIL      13  56  Log.  Sine,  9.43943 


BY  INSPECTION. 
Under  the  declinalion  13°,  and  oppcrite 
the  latitude  35°,  atatid^  15°  SC,  whii-fa  » 
nenrty  the  true  ampliTiiile  ;  the  exnct  value 
may  be  found  by  finding  the  am|ilitudt!  ftiT 
36°  Intttude,  and  prnpoitioniiiK  the  diffei^ 
ence  for  the  miles  in  tlte  latituile. 
Hence  the  true  amplitude  at  setting  is  W.  15°  58*  N.,  and  al  rising  E.  15°  58'  N. 

EXAMPLE    III. 

e  latitude  of  42°  30*  N.,  when  his  declmatian 


BY  LOnARITHMS. 

42°  aff     hog.  See.  0.13337 


True  amplL   97  38    Log.  Bine,  9.60642 
Hpnce  the  amplhude  at  setting  ia  W.  27°  SB*  S.,  and  at  tiling  E.  XT  38'  S. 


BY  INSPECTION. 
Under  the  declination  20°,  and  opposite 
the  latitudes  42°  and  4;t°,  stand  27°  24' 
and  27°  53' ;  the  mean  of  thexu  gives  the 
true  amplitude  for  the  latitude  of  42°  30 
=  27^38'. 


To  find  the  true  azimuth  at  any  lime. 
At  the  time  of  otwerring  the  magnetic  azimuth,  you  must  also  observe  the  altitude 

oTtheobjert;  thii altitude  miwt  be  corrected  as  i '  "■-- 

Ilc^  in  order  to  obtain  the  true  altitude ;  you 

■b  •Fconcj  ID  lake  KvenI  aiimallis  ud  atlhudes.  and  lo 
■KiMda,  and  wirk  ihg  observation  with  Ihe  mean  niiinuil 


Jeclinalion  oflfae  nu  Bl  noon  ia  given  in  tl>e  Nautical  Atnuoae.  and  in  Table  IV.,  ai 
(or  the  liHigiiude  of  Ibe  ahip  and  Iba  hour  ot  ihe  daj,  by  meaii  of  Table  V. 
'—iBIioM  of  Ibe  ahhude  of  ibe  nio'i  Inwer  limb  hj  ■  I'ore  obKrvnlion,  it  is  uiual 

oT  dip,  parallax,  and  wmi-dianeter.    Tbe  refraelioD  b  U>  be  nibUacted  frDi 

--*-- winb«lheUiMallitade,Bear)y. 


VARrATlo^  or  the  compass. 


object,*  and  the  latitude  of  the  placi 
be  calculuted  by  the  ti>llowiiig  rule  :- 


of  obBerration,  and  then  the  d 


RULE. 


Add  together  the  polar  diatance,!  the  latitude,  and  the  true  altitude ;  tahe  the  dif- 
ference between  the  balf-auni  and  tlie  polar  diatance,  and  note  the  i^mainder.  Then 
add  tu^ther  the  iog.  Recant  of  tbe  latitude,  tiju  log.  secant  of  the  attitude,  (rejecting  10 
in  earh  index,]  the  Tug.  c«Biiie  of  tlie  lialf-itum,  and  the  log.  coeine  of  the  remainder ; 
half  tlie  sum  of  these  four  loj^thnw  will  be  rtie  log  cosine  of  half  the  true  azimuth, 
which,  being  doubled,  will  give  the  true  azimuth,  reckoned  fh>in  the  north  in  north 
latitude,  but  from  the  south  In  south  latitude. 

EXAMPLE  I. 
In  latitude  51°  iff  N.,  the  sun's  true  althude  was  fbund  to  be39"3&,hia  declinntioD 
bdng  then  1<P  38'  N. ;  required  the  true  azimuth  P 
Polar  distance 73°  2!? 


Half-sum Log.Coriiw    58°* 


True  azimuth 116  6  from  the  north. 

The  logarithm  9.7S347  of  this  example  is  aleo  the  c< 


le  of  121°  Sff,  which,  being 
doubled,  gives  another  azimuth  343°  ^,  the  former  being  116°  8*.  One  of  these 
carrexpoiidH  to  an  observation  in  the  forenoon,  the  other  to  an  afternoon  observation. 

EXAMPLE  II. 

In  latitude  42°  16*  S.,  the  sun's  troe  altitude  was  found  to  be  18°  tV,  his  declination 
being  then  7"  38"  N. ;  required  tlie  true  azimuth. 
Polar  distance »7°  aS- 


Sum 158  34 


..Log.  Cosine     59° S3' 


119  46    from  the  south. 


QUESTIONS  TO  EXERCISE  THE  LEARNER. 

(^riton  I.    Giren  the  sun's  altitude,  corrected  for  dip,  reftmction,  &«.,  S0°  46',  hia 

decTination  17°  W  S.,  and  the  latitude  of  the  place  40°  SS*  N. ;  required  the  true 
azimuth. 

Jiuatr.  137°  SO*  from  the  north. 

■  Tbe  decliuBlion  ia  to  be  Cnind  according  to  the  direclion  m  the  ooM  ia  lbs  lul  pan. 
t  ilic  pnlar  diiianpe  oT  the  aun,  dhmd,  or  iiu,  is  Uk  diiiiiiHe  Irom  the  eteTsied  pole,  and  b  laand 
by  •ubtrocitnE  the  detliiulian  of  Ui«  ol>i*ei  rnxn  90°  when  ibe  lattiude  and  decliniiioa  ate  or  lbs  aamc 


VARIATION  OF  THE  OOUPAaa  161 

QuMt  II.  ^Vhal  is  the  bud's  azimuth  in  tl>e  lUitude  of  3t7>  30'  N.  in  the  rorenoab. 
wlicn  his  correct  central  altitude  is  34°  Sff,  and  hb  decUoatioa  tS"  W  N.? 

.Au.    75°  44'  from  the  north. 

QiMtt.  III.  At  the  island  of  Sl  Haleoa,  the  aun't  true  central  altitude  nas  fouitd 
to  bo  3Cf  33/  in  the  fbreooon,  hie  declination  being  then  22°  SB*  S. ;  required  the 
azimuth  at  that  time. 

.^tu.    73°  21'  fW>m  the  south. 

Quul.  IV.  What  point  of  the  compass  did  the  stnr  Aldebarnn  beer  on,  in  the 
latitude  of  34°  23'  8.,  on  January  1,  1836,  when  the  correct  altitude  of  that  near  was 
22"  26"? 

Jhia.     130°  23'  from  the  south. 


Having  the  true  and  the  magnetic  amplitude  or  asAtiiuth,  to  find  the  variatiim. 

Having  found  the  true  and  maffnetie  amplitude  or  azimuth,  the  variation  may  be 
eaaily  deduced  thereftoni  hy  the  following  rule,  in  which  the  oinplitude  is  reckoned 
from  the  east  or  west  point  of  the  horizon,  and  is  called  north  when  to  the  northward 
of  those  points,  but  south  when  to  the  southward.  The  azimuth  is  reckoned  from 
the  north  in  nonh  laliludel,  but  from  the  south  in  south  latitudes,  and  is  named  east 
when  falling  on  the  east  side  of  the  meridian,  otherwise  wesL  fflht  obttrved  atut  tme 
mi^^itudtt  be  both  lUtrUi  or  bath  lovih,  their  differmce  tuili  be  the  uarioficn;  bjii  if  one 
be  noHh  and  the  other  south,  their  mm  toill  be  the  variation.  If  the  true  and  tAiemed 
aamulhi  be  both  ttul  or  both  uxtt,  tiuar  difference  uttf  be  the  variation,  otherteiit  their  ram ; 
and  the  variation  wilt  be  eaeterli/  when  the  point  riprettniing  the  true  bearing  it  to  the  right 
hand  of  the  point  rtpretentitig  the  mapitiic  bearing,  but  teetleriif  vihen  to  the  left  hand ; 
the  ohterver  being  luppoted  to  look  tareiily  fotMtru  the  point  rtpreaeniing  the  magnetic 

EXAMPLE   I. 
Suppose  the  sun's  nugneiic  amplitude  at  rising  b  E.  26°  l?  N.,  and  the  true 
ainphtude  £.  14°  SCX  N. ;  required  the  variation. 


Remiuna 

variation 

Thevaria 
right  of  the 

tion  in  this  o 

magnetic 

cample  is 

EXAMPLE  IL 

The  moon's  true  amplifide  at  rifling 

was  found  to  be  E.  15°  W  N.,  and  her 

magnetic  am|ililude  E.  ItT'O'S.;  required 

the  variation. 


Sum  is  the  variation 25  30  W. 

EXAMPLE  in. 
The  sun's  true  azimuth  being  N.  80° 
E^  and  his  magnetic  azimuth  N.  6CP  E., 
it  is  required  tij  find  the  variation. 

True  azimuth  N.  80°  E. 

Magneue  o^mutli N.60  E. 

Diff.  IB  the  variation SO  E. 


11_ME. 

beeauae  the  true  amplitude  falls    to  the 

EXAMPLE  IV. 
The  star  Aldeboran  was  observed  at 
rising  to  bear  by  conipoas  E.  N.  E.,  when 
the  true  amplitude  was  N,  E.  by  E. ;  re- 
quired the  variation. 
True  amp. .  .N.  E  by  E.  or  E.  33°  45*  N. 

Mag.  amp E.  N.  E  w  E.  28  30  N. 

DifT.  is  the  variation 11   15  W 

EXAMPLE  V. 

The  true  amplitude  of  the  planet  Jupiter 

was  E.  10°  N.  when  his  magnetic  ampli 

tude  WHS  E.  20°  8. ;  required  the  variation 

True  amplitude E.  10°  N. 

Magnetic  amplitude E.  90  S. 

Sum  is  the  variadon 30  W 


To  caiculatt  the  variation  by  ahstrving  tie  ivn'i  aamtith  when  at  equai  altituda 
in  the  firtnoan  and  afternoon. 

The  variation  of  the  compoM  may  also  be  determined  by  observing  the  magnetio 
~~ --g  of  tj^  luti^  {„  (j,g  moraing  and  evening,  when  at  the  some  ahitui^  thv 
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olMerrer  being  Biipposed  to  be  at  the  Rame  place  at  both  ohaerraliona ;  foi  it  is  eiidmt 
that  if  the  ilucliiuitioo  of  the  sun  do  not  vary  during  the  time  elapsed  between  tba 
otjoerTBtions,  the  middle  pcnnl  of  the  compass  between  ths  two  bearinsH  will  be  ths 
bearing  of  the  true  north  or  aouth  ^tnt  of  tbe  horizon,  at  the  place  >~fr  obeervaiton, 
and  tbe  difference  between  that  beanng  and  tbe  nonh  or  south  point  of  tlie  couipoM 
will  be  the  variation. 

In  this  kind  of  obserrations,  it  will  be  convenient  bIwmts  Io  estimate  the  magnetic 
azimuths  from  tbe  south  point  of  the  compam,  calling  tnem  east  or  west,  as  before 
directed;  and  this  method  is  suppoaed  to  be  made  use  of  in  the  following  nile.  Then, 
if  one  aziniiith  be  east  and  the  other  west,  half  their  difierence  will  be  the  variation, 
otherwise  tlieir  half-sum,  and  the  variation  will  be  of  the  same  name  as  their  grenter 
azimuth,  excepting,  however,  where  the  holf-suro  is  taken  and  exceeds  90°,  in  which 
ca«e  its  suiiplement  will  be  the  variation,  of  a  different  name  from  the  azimuth  ;  the 
variation  bt'iiig  always  suppoeed  less  than  90°. 

If  Ihedecllnnlion  of  the  sun  varies  during  tbe  elapsed  tune  between  tne  observations 
(ns  is  generally  the  case),  an  allowatine  may  be  tniule  for  that  variatmn  L;  apijiying  a 
correction  to  the  aAemoon  azimuth,  calculated  by  the  tbllowing  rule : — 

RULE. 
Find,  from  Table  IV^  the  daily  varialion  of  the  sun's  dcclinalion  on  the  day  of 
obscrvatinn.  Then  to  Oie  conttanl  to^arilhm  9.1249  add  the  lotr.  oonm  of  the  latitude  of 
0ie  place,  the  loff.  lint  contsponding  to  the  dapttd  tiine  betieeen  the  obiervaHotu  found  tn 
the  aUtaim  P.  .if.,  the  Prop.  Log.  of  the  dail^  variation  of  the  ivn's  d/xlination,  and  the 
Prop.  Log.  of  the  dt^aed  time,*  ettimatinr  hour*  and  imnvUa  at  minutet  and  teamdt ; 
ffte  nun,  feeding  iK  in  the  intfu,  leill  be  the  Prop.  Log.  of  the  eometion  lo  be  applitd  tc 
0it  touttra  aamidk,  bu  ivbtraeting  urhm  the  sun  it  approaefiivg  lotoardi  the  aorthtni 
hetiutphere,  olhenoitt  by  adding.^  The  azimuth,  Ihus  corrected,  is  to  be  used  in 
critiniBiiiig  the  varintion  inateail  of  the  obiterved  azimuth. 

It  m  net  neccuRary,  in  this  calculation,  to  find  the  latitude  or  declination  to  any  Rteat 
degree  of  acriiracy,  which  is  the  greHteBt  advantage  of  tbe  method ;  another  of  the 
advantngps  cousista  in  being  able  Co  take  a  great  number  of  observations,  and  apply- 
ing tbe  correction  at  one  operation  to  the  variation  deduced  from  tbe  mean  of  all 
tbe  oliBerTHtiotiH,  ao  that,  when  grpst  afciintcy  is  required  (os  in  taking  obaervaiions 
ashore},  this  method  may  l>e  uHed  with  success;  and  it  is  evident  that  it  is  alike 
applicable  to  the  moon  or  an^  lieaveiilv  bodv  ;  but  the  observations  must  be  taken  in 
the  same  plare,  as  it  would  mcreose  Itie  calculation  coneiderahlv  to  make  an  allow- 
ance Ibr  llic  change  of  place,  a?  well  as  fi>r  the  change  of  declination ;  and  it  would  be 
better,  in  this  case,  to  calculate  each  observation  aepariLtely  by  the  rules  before  given, 

EXAMPLE 
Suppose  that,  on  the  10th  of  April,  1864  in  the  latitude  of  43°  29*  N.,  longitude  50° 

Wt  the  sun'e  morning  azimuth  is  oliecrved  to  be  S.  54°  24'  B^  and  in  the  evening, 

when  the_Bun  is  at  the  same  altitude,  is  S.  39°  46*  W.,  the  elapeed  time  between  tbe 

irtMervations  being  6'  70"  ;  required  the  variation. 

Constant  logaritlim 9.1249 

Latitude  4!^  aSC CoMne9.8fi77 

Elapsed  time  6^  30-° Sine  9.8A76 

Daily  vaHation  of  declination  23'  P.  L. .9138 

Elapsed  time  6"  20",  taken  as  ff  20"  P.  I,...  1.4536 
Corr.  weetem  azimuth       11'  nearly  P.  L. . . .  13366 

Western  azimuth     S.  39  46   W.  

Corrected  azimuth  B.  3U  35  W. 
Morning  azimuth  S.  54  24  EL 
DifletvncB S.  14  49    Tbe  half  ttf  wblcb,  7°  24',  ia  tbe  vsrte- 

tiOD,  which  is  easterly,  because  tbe  greater  aeimuth  8.  M°  94'  E.  ti  easterly. 

*  Hh  clapied  time  ma^  be  deUmnincd  by  any  conmon  nich ;  bat  if  nonu  bs  u>«d  in  ib«  iiluaiTm- 
HtBm,  it  may  be  delecmined  aa  rollowf  >-ir  we  of  Ibe  obaervad  anmulhi  be  pul  Rnd  the  olher  weaL 
lake  tulTihcii  wm,  oihcrwine  halnheir  diHerence,  and  (o  tbe  log.  line  orihia  haJf-ium  (or  half-ilifleniico) 
add  the  log,  *Manl  of  Ihe  lun'i  drcliiiiiiinn,  and  ihe  bw.  cotine  of  (he  aun'a  ronwi  aliilude  at  Ibe  Iibm 
•f  t>ki«  Die  BzimiiUi ;  Ihe  aum,  rejecting  H>  in  die  indei,  wil)  be  the  log.  line  la  be  used  in  ihe  abiwe 
calcdalion.  and  Ihi*  loariUini  will  cortetpond  lo  Ihe  elapaed  lime  marked  in  Ibe  column  P.  M.  cf 
Table  XXVII.  r-  r~ 

t  In  ibii  nile  it  li  iuppoud  thai  ibe  bearing  of  Ibe  win  bj  the  ■IWiraon  obfervalton.  ii  (o  the  mil- 
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of  the  cotnpasB  the  aliip  is  taillns  upon,  and  allow  the  variation  IVoin  it  Unoardt  tht 
rwU  hitndtfOie  oorutfim  be  ttat,  futtothtldt  hand  ifOa.  mnnlMm  U  jbuL  Thui,  '\t  a 
■hip  ateer  9.  E.  irith  one  point  westerly  VHrmtioti,  ihe  trae  course  will  be  S.  E.  by  E 
If  Qi»  variolion  be  one  point  easterly,  the  course  will  be  S.  E.  t^  9. 

The  varintion  in  Cambridge  (Mass.),  in  1708,  was  0°  W. ;  in  1742,  8"  W. ;  in  1783, 
ff*  4tJ  W. ;  decreaBiriE  about  1}  mimitea  per  jeur.  At  Salem  (Mass.),  in  1808,  it  was 
5*80  W.:  in  London,  in  1580,  ll"  Iff  E.;  in  llITi,  2"  30- W. ;  in  1780,  23=41' W.:  at 
Paria,  in  1550,  8°  E. ;  in  16G0,  0°;  in  1769,  20°  W.  Hence  it  appenra  that,  at  London 
•Ih)  Pnria,  the  variation  fonnerly  increased  10  or  11  minutee  per  year ;  but,  by  aoine 
late  otiservscioiia  maile  in  London,  it  appeal's  to  be  nearly  stationary.  Off  the  Cupe 
of  Unod  Ho|)e,  thu  annual  increase  ia  about  7  mintilea. 

Besides  lliis  annual  cliotige  of  the  variation,  tbere  is  also  a  amall  diamtd  chan^ 
which,  at  London,  Paris,  and  Cambridge  (Muss.),  is  from  10'  to  15'  By  tliis  quantity 
theatnolute  variation, at  those  places,  iiicroHBis  fi-om  aliout  8,  A.  M.,  to  %  P.  Al.,  when 
the  needle  becomes  stHtionery  for  some  time  ;  after  that,  the  variation  decreases,  and 
the  needle  comes  back  again  to  its  fonner  situation,  or  nearly  so,  in  thu  tugbt,  or  by 
the  next  morning. 

Jn  addition  to  the  observations  contained  in  the  preceiling  table,  it  may  he  observed 
that  the  variation,  which,  at  present,  is  less  than  i  inint  W.  near  Cape  Cod,  liKcreaxua 
in  going  to  the  westward  along  the  const  of  the  United  States  of  Auiericii,  so  that  neai 
Cap«  Katterns  it  is  scarcely  sensiiile,  and  farther  to  the  westward  becomes  easterly. 
In  the  leeward  West  India  Islands  it  is  about  }  fioinl  E. ;  and  In  itie  windward 
■stands  i  point  £.  Along  Ihe  northern  shore  of  the  Brazils  thero  is  a  atuull  easterly 
Tariation,  which  decreases  in  proceeding  to  the  eastward,  and  becomes  wphiitIv  near 
Cape  Roque,  where  it  is  J  point  W.  In  proceeiliug  farther  to  the  suuthwnni,  along 
the  coaat  of  America,  (he  easterly  variation  increaiies  so  as  to  be  aliove  2  points  E.' 
near  Cape  Horn,  and  from  thence  gradually  deci-enseB  alone  the  coast  of  Chili  and 
Peru,  so  as  to  be  about  1  |)oinl  E.  under  the  equator  near  Quito  ;  hut  lii  proeeedi.ig 
Id  Ihe  nonliward  towards  the  N.  W.  coast  of  Amuricu,  the  easterly  variation  increafes 
to  more  than  2  |>oints. 

On  the  contrary,  in  proceeding  to  the  eastward  of  the  United  States  of  America,  the 
werterly  variation  liirreases,  being  neariy  1  point  W.  a  little  to  the  easlwant  of  Ca(ie 
Sable  (Nova  Scotia],  and  about  2j  points  W  on  the  E.  pari  of  Newfoimdland,  and  at 
the  Western  Islands.  Al  tlie  Orkney  lsland!<  it  is  2j  points  westerly,  and  m  ncnriy 
the  same  in  the  English  Cliannel,  and  on  tlie  coasls  of  England,  Scotland,  and  Ire- 
land. On  the  coast  of  Holland,  it  is  from  11  to  3  [KiintH  W.;  in  the  Cutle^t  mid 
Sound,  about  Ij  points  W. ;  in  the  western  part  of  the  Baltic,  aliout  Ij  )iouits;  al 
the  entrance  of  the  Oiilf  of  Finland,  I   point  W.;  in  the  Bay  of  Biscay,  about  21 

fointa  W.i  near  Cape  Sl  Vincents,  2  points  W, ;  in  the  Metliterranean,  from  1  to 
I  points  W.;  uinr  Cape  Verd  (Africa),  U  |>olnu  W.;  and  from  tbeiice  gnidiiidly 
increases  along  the  western  shore  of  Alrica  towards  the  Ca|ie  of  Goud  Hope,  and 
is  there  above  2  points  W.,  and  from  thence  increases  towards  CB]ie  LiigiillHa,  mid 
a  Utile  to  the  eastwanl,  to  2i  points  or  2}  points  W.,  and  then  decreases  in  proceeding 
along  the  eastern  shore  of  Africa,  and  is  about  i  point  westerlv  at  the  fiitniiici'  o? 
the  Red  Sea.  In  the  Arabian  Sea,  Bav  of  Bengal,  Java  Sea,  China  Sea,  and  off  the 
coast  of  SumstiB,  it  is  very  small,  and  on  ihe  S.  E.  part  of  New  Holland  is  alwul 
I  point  E. 

BeiTore  the  introduction  of  the  method  of  finding  the  longitude  by  lunar  observations, 
and  the  irnproveinenls  in  the  conatniction  of  chronometers,  and  their  iniroduction 
into  common  use,  it  was  |iro)iosed  to  find  the  longitude  by  means  of  Ihe  obsen'ed 
variation,  and  charts  were  constructed  for  this  purpose  ;  but  this  method  is  now 
wholly  given  up,  because  there  is  always  a  great  uncertainty  in  observutlons  of  the 
varialion,  since  it  is  not  uncommon  to  find  3  or  3  degreee  dilTereiice  between  an 
azimuth  in  the  morning  and  evening,  when  the  ship,  durinx  that  time,  has  been  nearly 
Halionary ;  the  same  difference  wilt  sonietimes  be  found  merely  from  making  the 
observation  when  the  abip  is  on  a  difTereni  tack.  Tliis  is  owing  to  the  Iron  iu  the 
ship,  which  attracts  ihe  compaHS  by  a  force  which  is  generally  ntueted  in  a  point 
near  the  centre  of  the  ship.     When  this  point  and  the  compose  are  in  the  mog^tic 

ward  oT  tin  ineridiiui  by  compau ;  hirt  il  ihere  he  b  gmi  vsnaiion,  <hai  bearing  might  be  to  tin 
tauwari  fif  Ibr  meridiaB  by  ihe  compan,  and.  in  dial  cue,  Ihe  correcIioD  of  ibe  wntern  aiimulh  nurt 
ke  appUtd  in  m  canlnrr  mauoer  u>  ibe  tbuve  direciioai 
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meridian  of  Jie  composB,  the  true  Tsriftlioii  is  obtuned ;  but  ns  Boon  m  the  poa!tion  of 
(he  ship  is  changed,  so  as  to  bring  this  point  to  tb"  eaMword  or  westward  of  ihl 
magnetic  merittiiia  passinE  through  the  compare,  a  correqiondins  change  or  aJtera- 
tion  in  the  variation  to  &e  eaKiward  or  weMward  is  immediately  perceived.  Thia 
deviation  sonietinMB  amounted  to  6°  or  9°  in  the  surveys  of  New  Holland.  Thia  has 
since  been  confirmed  b;  various  obaorvauons  in  different  placea,  panicularij  in  the 
voyages  towards  the  north  pole,  lately  made  by  order  of  the  Engiiah  goveniment. 
The  method  which  was  at  first  used  to  correct  this  error,  which  is  aometimes  of 
ivmeiderable  importance  in  nautical  surveys  where  great  accuracy  is  required,  waa 
to  place  the  eompcut  aluxiyt  in  Ihe  mme  part  <ff  Un  thip,  and  to  find,  by  actual  observa- 
tion, the  greatest  deviation  arising  fit>m  this  local  attracdon,  which  is  when  the  ship's 
head  is  directed  saat  or  wesL  Tlie  deviation,  when  the  shiii's  bead  is  in  any  other 
direction,  is  found  by  entering  Table  I.  or  Table  IL  m  the  page  corresponding  to  that 
direction  as  a  course,  and  with  that  greatest  error  in  minutes  in  die  duiance  column, 
the  correBDonding  number  in  the  departure  column  will  be  the  required  correction 
nearly.  Thua,  if  the  deviation  was  ir  8'  (or  138')  when  the  ahip's  head  was  directed 
towards  the  east,  the  deviation,  when  in  the  direction  of  ont  point  trom  the  meridian, 
(that  is,  N.  by  E,  N.  by  W^  8.  by  E^  or  8.  by  W.),  would  be  found  by  entering 
Table  L  in  the  page  fi>r  one  point,  or  with  the  distance  128",  the  corresponding  deiwrt- 
iire  25f  would  be  the  correction  to  be  applied  on  all  bearinge  tsiten  by  the  eompasa 
when  in  that  situation.  Mr.  Barlow  has  invented  a  method  of  correcting  this  error, 
malting  use  of  a  curious  property  of  the  attractive  fores  of  iron  on  the  compass,  it 
having  been  found  that  this  force  depends  on  the  affroctioe  tiafact,  and  not  wholly  on 
the  quanti^  of  iron ;  so  that  a  nlid  gUibt  of  iron,  30  inches  in  diameter,  would  aflect 
the  eompasa  exactly  in  the  same  manner  as  a  boUow  theli  of  the  same  diameter, 
made  of  sheet  iron  only  one  tenth  ef  an  inch  ui  thickncAS,  though  this  shell  could 
not  contain  but  one  hundredth  part  the  quantity  of  iron  which  the  globe  does.  Hr. 
Barlow  therefore  proposed  to  have  a  sheet  of  iron  placed  abaft  the  eompasa,  of  such 
'dimensions,  and  st  such  a  distance,  as  should  be  found  by  experiment  to  bring  the 
neeille  Imcb  to  the  magnetic  meridian  when  the  ship's  head  was  east  or  west;  then, 
keeping  the  iron  in  that  position,  it  would  correct  the  error  of  the  local  attiactioii  of 
the  ship  in  every  direction  of  the  ship's  head.  This  method  has  been  tested  by 
experiment,  and  found  to  succeed  admirably.  It  has  also  been  attended  with  the 
great  advantage  of  leaving  the  compass  free  lo  act  by  the  natural  masnetism  of  the 
earth  in  high  latitudes,  where  the  force  is  much  enfeebled  by  the  obliquity  of  its 
ilhection  on  account  of  the  greamess  of  the  d^.  In  the  voyages  above  named,  it 
was  found  that  the  compasses  thus  fumislied  traversed  freely  and  accurately,  when 
thoee  of  the  common  form  moved  very  irregularly,  and  were,  in  some  cases,  almoet 

The  Transactions  of  the  Royal  Society  of  London  for  the  year  1633,  contain  a 
valuable  chart,  by  P.  Barlow,  upon  which  are  marked  the  magnetic  lines  of  eeual 
vaHaiions,  as  they  liave  been  olieerved  in  late  voyages  of  discovery,  surveys,  &c  Wa 
expect  lo  give,  in  the  collection  of  tables,  a  few  numerical  results  from  ttiis  chart 

On  fAc  dip  of  the  magjutie  ritedle. 

If  the  needle  of  a  compass  be  exactly  balanced  on  its  point  in  a  horizontal  position, 
and  then  the  magnetic  virtue  be  communicated,  the  needle  will  point  lovrards  the 
north,  and  wilt  also  be  inclined  to  the  horizon,  the  north  point  of  the  needle  tending 
downwards,  and  the  south  point  upwards,  in  northern  climates,  and  the  contrary 
in  fNiuihem  climates.  This  inclination  of  the  needle  to  the  horizon  is  called  the 
Up  of  tht  tnagnelic  needle,  which  is  difTereni  in  difierent  places,  though  it  has  been 
Ibiuid  to  remain  nearly  the  same  in  the  same  place,  since  its  discovery  in  the  year 
J57fi,  in  which  year,  at  London,  the  dip  was  71°  Sff ;  in  1723,  it  was  74°  or  75P ;  and 
at  present,  is  alMUt  72^°.  Messrs.  Humboldt  and  Biot  published  a  ntetbod  by  which 
the  dip  may  l>e  calculated  for  any  pven  place,  in  north  latitudea,  to  a  considerable 
ilein'ee  of  accuracy.  This  method  is  explained  in  the  22d  vol.  of  'nUoch's  Magazine, 
and  13  in  substance  as  fbllowa : — 

According  to  their  theory,  there  are  two  m^nelic  polo,  one  in  the  latitude  of  79°  1' 
N.,  and  in  the  longitude  of  37°  4S'  W.*  from  Greenwich,  the  other  diametrically 
opposite,  in  the  latitude  of  79°  1'  S.,  and  In  the  longitude  of  153°  16'  E.    The  great 

*  Capt.  Roo,  ia  Idi  votub  lo  thr  nortfa,  round  Ibe  oofUicn  pola  lo  h«  in  lbs  latindt  of  10°  A*  17 
N.,  i>d  ia  l]ia  In^iiluda  at  St"  W  *B/'  W. 


TUUATIOH  OF  THE  COMFASS.  16A 

dre.e  of  die  earth  00°  dblut  from  theM  polea  it  cnlled  the  magmtic  tgwjtor.  On  ihn 
.noenetic  equator  the  dip  is  nothing,  nud  nt  the  polne  is  90° ;  at  any  other  |>oiut  on  the 
■urrat^  of  tlie  eonh,  the  dip  varies  with  the  diHiBnce  from  the  magnetic  pole.  This 
distance  may  be  calculated  by  eonimon  Bjiliericol  irigonoinetry,  or  (which  ia  much 
more  simple,  and  Bufficiently  necumte  Tor  tliia  purpose)  by  nieaauring  the  distance  on 
a  terrestrial  fftobe  Qtnn  the  ms^etic  pole  tu  the  place  for  which  the  dip  is  lo  be 
calciilaied ;  U)en  to  the  log.  cotangent  of  tliia  dinanoe  add  the  constant  tognrithin 
"  ™1103  ;  the  Bum  will  be  the  log.  tangent  of  the  dip.  Tlie  dip  was  calcuiateil,  on 
«  prinriplea,  for  twenty-eight  ple.^efl  iu  Europe,  Ana,  Africa,  and  America,  and  in 

Stace*  the  theory  did  not  dllTer  1°  from  aetual  oiaerrationB,  and  in  five  ploeea  (tid 
ffer  a° ,  but  at  S(Htzbergeu  tte  diffcKnee  wm  betweeo  4^  umI  F. 

(BMt-CtiW.) 
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TO  FIND  THE  lATITUDE  BY  OBSERVATION. 


The  latitude  of  a  place,  t«ing  ia  distance  from  the  equator,  is  measured  by  an  are 
of  the  nmridioD  contained  betweeii  thn  zenith  and  the  equator ;  hence,  if  the  dietaoce 
ol'  any  lieavenly  body  fiom  the  zenith  when  on  the  meridiaD,  and  the  declination  of 
the  object,  be  ^ven,  the  latitude  may  be  thence  found. 

The  meridian  zenith  distance  of  any  object  may  be  found  by  observing  its  altitude 
when  on  the  meridian,  or  by  observing  one  altitude  tatten  at  a  given  hour  from  pasB' 
iug  the  meridian,  or  by  two  altitudes  (oken  out  of  the  meridian  and  the  elapsed  tima 
between  the  obeervatioiu.  Each  of  thew  ntethods  will  be  explained  by  propel 
examples. 

Altitudes  of  the  sun  and  mooD,  taken  at  sea,  require  fbiir  corrections  in  order  to 
obtain  the  true  altitude  of  their  ceutrea ;  these  are  for  eemidianieter,  dip,  refracrion, 
and  parallax.*  When  a  planet  or  star  is  obseired,  the  correctionB  for  dip  and  refrac- 
tion only  are  to  be  applied,  as  the  semidiameter  and  panllax  ot'  a  planet  are  but  a  few 
■econda,  and  may  be  neglected  in  finding  the  latitude  at  sea. 

In  a  fort  obferoafion  vnBv  a  gaadranl,  sextant,  or  eircU,  tlje  aemidlameter  la  to  be 
added  if  the  bwer  limb  ia  observed,  hut  subtracted  if  the  upper  limb  is  observed. 
Tiie  dip  and  refraction  are  to  be  subtracted,  and  the  parallax  to  be  added,  and  tlie 
true  central  altitude  will  be  thus  obtained,  which,  being  subtracted  from  90°,  will  give 
the  true  v«niih  distance. 

In  a  back  obtcrvation  wiih  a  quadrant,  the  semidiameter  is  to  be  subtracted  if  the 
lower  limb  is  observed,  but  added  if  the  upper  limb  is  observed.  The  dip  and  iioral- 
iax  are  to  l>e  added,  and  the  refraction  subttacied,  and  the  centnd  altitude  will  be 
obtained,  whicli,  being  subtracted  from  90°,  will  give  the  true  zenith  distance. 

Ai  a  back  lAservaiioTt  unth  a  sextant  or  eirxie,  by  measuring  the  supjjlement  of  the 
altitude,  (by  bringing  the  lower  limb  of  the  image  of  the  object  to  touch  the  back 
horiiwu,)  the  semi  diameter  and  refraction  must  be  added  to  tlie  true  altitude  given  by 
the  instrument,  and  the  dip  and  parallax  subtracted  therefrom,  and,  by  subtmctiug 
90°  from  the  remainder,  the  Iz  le  zenith  distance  will  be  obtained. 

To  find  the  latitude  by  the  meridian  altitude  of  any  object. 

Having  obtained  the  true  meridian  zenith  distance  by  either  of  these  methods,  you 

must  then  find  the  declination  of  the  object  at  the  time  of  observation.    This  may  he 

found  for  the  buu  by  the  Nautical  Almanac,  or  by  means  of  Tables  IV.  and  V.,  iu  the 

r  before  explained.     The  declination  of  a  fixed  star  may  be  easily  found  by 

ion  in  Table  VIII.,  or  from  the  Nautical  Almanac.     The  declination  of  the 


msjiection  i: 


1  planet  may  be  found,  in  the  Nautical  Almanac,  ii 
-  jxplained.     "-•--■  '-        -■-•    ■■ - 


be  hereafter  explained.     Having  the  meridian  zenith  distance  and  declination,  the 
latitude  is  to  be  found  by  the  fotlowing  rulee. 

CASE  I. 

fHien  ffie  object  rites  and  sets. 

RULE. 

If  the  object  bear  south  when  upon  the  merii^n,  call  the  zenith  distance  niMlfi  ,*  | 

but  if  the  bearing  be  nortii,  you  must  call  tlie  zenith  distance  south.     Place  the  zenith 


in  the  NamicaJ  Alnt 
ioTabtuXII.;  '  ' 
n  the  NaulicaT^ 


■e  dip  in 


It  mnv  also  be  observed.  Lbat  jt  js  usual  io  add  tS'  fortbe  corr^Lion  for  K 

ia  a  tore  otuervaiiDii  or  the  siin'i  lower  limb,  lakea  upon  the  dmk  i^  a  comuic 

wbuaelini;  Uw  reiyaciiiHi  rrom  the  sum,  the  true  alliiude  will  be  obtained,  nearly;  and  il  wgbt  alvkayi 

to  he  kept  in  mind,  thai  Ibe  rerreclion  at  low  altitadeiii  of  too  much  ImportanFe  lo  be  noffjected. 

t  In  loit  mle,  Ihe  lun  is  supposed  to  be  (he  Sied  point,  and  the  tenita  i)  nreiTMl  Ut  iL    Tfam,  if  tha 
■on  bean  ■mtfa  rrnm  an  observer  (or  rrom  hit  leniihl.  tb*  t«DiUi  bran  sorth  fym  iIm  no  }  aad  il  ii  lUs 
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dinaiiiM  under  the  declmadon,  and,  if  Ihey  are  of  the  same  name,  add  tliem  together 
but  if  they  are  of  different  naniiia,  take  their  difTereace;  this  sum  or  diSerciice  wiUb« 
the  latitude,  which  will  be  of  the  same  name  aa  the  greaieet  number. 


ffAm  the  otjtd  (bei  netut^Udei 


CASE  II. 
\tialke  meridian  above  tht  honxon  Itotee  «  S4  how 


latter  l)y  the  following: — 


id  again  at  the  lowest  heixhl  upon  the  iiieridiim  below  the 
i,  the  latitude  is  to  be  found  by  the  preceding  rule,  but  in  the 


IHoTE. — When  tlie  eiin  or  star  ih  on  the  enuator,  c 
distance  will  l>e  fquol  to  the  latitude  of  the  pWe,  which  will  be  of  tli 
the  zenith  distance.     When  the  sun  or  atsr  is  in  the  zenith,  the  declio 
equal  to  thn  latitude,  and  it  wilt  be  of  the  same  name  as  the  declination. 


declination,  the  zenith 


To  find  the  latitude  by  the  meridian  altitude  of  the  tun  or  star. 


EXAMPLE  I. 
Suppose  that,  at  the  end  of  the  bc 


It  tlic  loci^nide  of  ({0°  W^ 
the  mehdinii  ttllhiKle  of  li 


21, 1884,  i 

limb)  bearing  iouth,  was  found  by  a  fore 
obsemitioii  to  h«  40°  6' ;  reijuired  the 
laiitiule,  Bumwsiiig  the  ccirrecuon  of  the 
observed  ullunde  for  pnraltux,  dip,  and 
■emidiumeter,  to  be  twelve  niilea. 

Observed  altituite. 40° 06' 

Par.,di|i,aiKliiemiitiam.  ...add         12 

Hum 40  le 

.subtract  1 


EXAMPLE   II. 


E.  from  Greenwich,  the  altitude  of  the 
siin'it  lowpr  limb,  by  a  fore  olMervation, 
wu  1)0°  W  when  on  the  meridian  and 
bearing  soulli,  the  correction  for  dip, 
aemidinnteter,  and  (Kiiallax,  being  twelve 
miles;  reiiuired  the  latitude. 

Ob«rved  altitude &FW 

Cmrection add        12 


True  leiiith  distance 29  33  N. 

Bun's  dpcliiiation,  Tnhle  IV. 
cor.  by  Table  V.  for  long, 
f^tiuide 38  SON. 


9  27  N. 


EXAMPLE  m. 
SuppoaeihQt,at  theendof  the  fiea  day, 
May  15,  1864,  in  the  meridian  of  Green- 
wich, tlie  iiiiTidian  altitude  uf  tlie  Him's 
lower  limb,  bearing  north,  whs  funud  by 
a  fore  ohservntion  10  be  30°  06',  the  L'Or- 
rection  lbrpamllax,di|i,Bnilaeiijidlaiii(:ter, 
being  twelve  miles ;  req iiireil  thn  liititude. 

Observed  uliiiude 30°  00' 

Par.,dip,and  semidiam.. .  .add        12 


Latitude 40  44  S. 

EXAMPLE  IV. 
Suppose  that,at  the  end  of  iheaeaday, 
Nov.  17,  1864,  iu  the  lonciiude  of  eO°  E. 
from  Greenwich,  by  a  iore  observHiioii, 
the  ineriilian  altitude  of  tile  sun's  lower 
limb  was  50°  06',  bearing  south,  the  eye 
of  the  observer  beina  seventeen  feel 
above  the  surface  of  the  sea;  required 
the  lalimde. 

Observed  altitude 50°  Off 

Sun's  eemidtam. add       16 


Subtract  dip  and  refivciion  . 


SO  22 


True  zenith  distance 39  43  N 

Sun's  dec  cor.  by  Table  V.. . .  19  05  & 
Latitude 20  38  N 


u  Hiu'i  MmiiUunelW  ia  niDDowd  w  ha  IC 


TO  VmD  THE  LATITDDE  BT  OBSERVATIUM. 


EXAMPLE  V. 
By  a  f!ire  obBervaiion,  the  tneridian 
altitude  of  tlie  suii'b  lower  limb  wos  found 
10  be  40°  aff,  l>eariiig  south  of  the  ob- 
server, the  Heclitieiion  being  9°  56'  N^ 
and  Iho  eye  Iweiity-six  feet  above  the 
horizon  i — required   tlie   latitude   of  the 

Oheerved  altitiule 40°3O' 

Semidiameier add         16 

40  36 
Dip  Sf,  refraction  I'. .  .eubtnet  6 
Tnie  alt.  of  the  bud'b  centre  •    40  30 

Subtract  from 90  00 

Zenith  dinaoRe 49  30  N. 

Declination 9  56  N. 

Latitude S9  2CN. 

EXAMPLE  VI. 
By  8  hnck  observation  with  a  quadrant 
of  refleciion,  the  mi^ri Jiaii  attitude  of  the 
aun's  lower  limb  waa  25°  I'Jf,  when  the 
declination  ivaa  21°  14'  S^  and  the  eye 
of  the  ob»enfer  Tony  tect  above  the  hori- 
zon, the  BUI)  bearing  south  ;  required  the 
tatitude  of  the  place  of  obeervntino. 

ObM-rved  altitude 3F 12* 

Semidinineter aubtroci        16 

S4  56 
Dip add 06 

35  03 

Refraction Bubtract        02 

Ttueali.  of  (he  aun'a  centre*  85  00 

True  zenith  dtmuice C5  CON. 

Declinmion 21    14  S. 

Latitude  . ., 43  46  N. 

EXAMPLE  Vll. 
Suppose  ihnt,  on  January  I, 


IuileorSiri<iBis53°3:)'  when  passing  the 
nit'riilion  to  llie  noutbward ;  required  the 
Intitude  of  the  place  of  obaervation. 

Observed  altitude 53^33' 

Dip  of  the  horizon. . .  .aubtract 4 

53  39 
RefractkiD aubtract        01 

S3  38 

'IViie  zenith  distance 3C  33  N 

Hiriux  deelin.  Table  VULi . . .  16  tW  S. 
Latitude 30  03  N. 


EXAMPLE  VIII. 
Suppose  that,  on  the  13tb  June,  1864, 
aeb  account,  on  observer,  in  a  hirh  iiurih- 
em  latitude,  and  in  the  lonvitiide  of  65^ 
W.  from  Qceenwich,  his  eye  heinjr  twenty 
feet  above  the  suriace  of  the  water,  ab- 
aerred  by  a  fore  obi*ervation  the  altitude 
of  the  sun'e  lower  limb  on  the  meriilian 
below  the  pole  8°  14';  required  the  iai' 

The  Bun  being  below  the  pole  at  13 
liours  before  the  end  of  the  sea  day  Juih 
13,  ttie  correction  of  declination  corre- 
sponding in  Table  V.  is  —  1'  46",  and  tba 
correction  in  65°  W.  long,  ia  -j-  0'  Sff'j 
hence  Iwlh  corrections  make  nearly  1', 
[o  be  subtractiti  from  the  ilerlinniion  at 
noon  33°  15'  N.,  which  gives  the  ilerllna- 
tion  at  tbe  time  of  observation  23°  14'  N., 
the  comp.  of  which  ia  66°  46'. 
Observed  alL  sun's  lower  limb  6°  14^ 
Semidiameier add         16 

6   30 
Dip BUbtTsct       04 

6  36 

Reftoedoa subtract       06 

True  ah.  of  tbe  sun's  centre  ■     6  20 
Complement  of  declination...  66  46  N. 
Latitude 75  «1  N. 


EXAMPLE  IX. 

Suppose  that,  by  a  bark  ol>aer\'ution 
with  a  eextaiir,  the  lower  limb  of  iho 
suii'b  image  wns  lininghi  to  the  back 
bni-izon,  anil  the  aiipli)  ahuwu  by  the 
index  WBB  110°  10',  llip  skii  iK-iny  then 
on  the  meridian  and  Ix-oring  soiiili,  the 
declination  being  30°  5'  N.,  ilie  sun's 
aemidiameter  16',  and  the  olHwrver  30 
feel  above  tbe  horizon ;  required  the  lat- 

Obeervod  angle    llff'lO' 

SemklianteEer add  16 

110  36 
Dip '. sub.  4 

iioja 

Subtract 90  00 

Zenith  distance  t 30  99  P< 

Declination 20  OS  N 

Utitude 40  37  N 


iriog  imati,  b  ben  Du^eeied.  and  ll»  nin'i  leintrlianieier  i)  mppowKl  tn  he  16'. 
11  orihciw  briffii  itan  an  rivoi  for  every  10  davi  in  Ibc  NHuiicaJ  Ahnaanr.    WhM 
(Rgi  Bceurary  ii  raquimt,  ih«a«  (ietliiiaiiiHii  ■bnuld  be  mcd  ioaiua  of  the  Biimbrn  InTabla  VIII 
t  The  relriiviiDi^  and  parallBk.  bsiu)[  ouly  ■  lew  aecaadi.  ue  negteciMl. 


*  Tlie  paraila 


TO  nND  TUE  LATITtrDB  BT  OBSERVATION. 


EXAMPLE  X. 
(juppofle  that,  on  Juiuaiy  10,  1S30,  rd 
olMervar,  eighteen  feet  above  the  water, 
fitidfi  the  altitude  of  the  :iorth  star,  when 
on  Che  meridian  below  tho  pole,  to  be 
36°  23'  bjr  a  fore  obHerration  ;  required 
the  latitude  of  the  place  of  olaervation. 

Obseired  altitude 30°  33' 

Subtract  dip  4',  ref.  1' 5 

True  altitude 36  16 

CMup-dedin.  Table  VIIL*...    1  36  N. 
Latitude 37  54  N. 


EXAMPLE  XI. 
Suppose  tiiat,  br  a  bock  t 
with  a  sextant,  the  lower  Iknb  of  the  iun'i 
image  was  brought  to  the  back  horizon, 
end  the  ancle  ihuwn  by  >ne  index  was 
106°  12*,  the  altitude  rf  the  observer 
being  twenty-two  feet,  and  the  correction 
for  semidiameCer,  paiailtiji,  and  dip.  being 
Ihb  usual)  about  13' ;  required  (be  inie 
latitude,  siipjiOBing  the  declination  to  be 
20°  S.,  and  tiiat  tlie  Bun  bore  north  at  the 
time  of  obaervatioD. 

Observed  angle 106=  I» 

Dip  and  aetrndiam. add  12 

lOG  24 

Subtract 90  00 

Zenith  distance  t 16  34  S. 

Sun's  duclinatioQ 20  00  S. 

Latiuide 36  24  a 


ohiect, 
ir  wilt  ariee  if  the  ship  be  in  motion,  or  the  suu'h  declination  vary.  The 
amount  of  this  conection  may  be  eetiniated  in  the  following  manner: — 

Find  the  number  of  miles  and  tenths  of  a  mile  northing  oi'  loallmi^  made  by  the 
ehip  in  one  hour,  and  also  the  variation  of  the  sun's  declination  in  on  liour,  expressed 
also  in  miles  and  tenths.  Add  these  tosether,  if  ihey  both  conspire  to  elevate  or 
deprees  the  sun ;  otherwise  take  their  difTcreuce,  which  call  the  at«  A.  Find,  in 
Table  XXXir.,  the  arc  B,  expressed  in  seconds,  corresponding  to  the  latitude  and 
declination ;  then  the  arc  A,  divided  by  hriee  the  arc  B,  will  express  the  time  in 
mhtuttM  from  noon,  when  the  greatest  (or  least)  aldtude  is  olwerved.  Moreover,  the 
■quare  of  the  arc  A,  divided  by  four  times  tlie  arc  B,  irill  be  the  number  of  iKomit  to 
h>  appUed  to  the  observed  altitude  to  obtain  the  Hue  altitude,  which  would  hare  been 
obeerrrd  if  the  ship  had  been  at  rest. 

Thus,  if  the  ship  sail  towards  the  nin  south  II  miles  per  hour,  and  the  declination 
increases  nor(heriy  1'  per  hour,  we  shall  have  A  :=  11  -^  1  :=  12.  If  the  latitude  ii 
42°  N.,  and  the  declination  2°  S,  we  shall  have  bv  Table  XXXII.  6  =  3".  In  this 
case,  the  time  from  dood  is  .^^3  minutes,  and  the  correction  of  altitude  J^1  =  1B 
•econds  only. 


■  The  d«liniliin  of  thii  itv  ii  civcn  for  every  ity  in  ibe  Naoliesl  Ainu 
tartnuind.  Ihiii  ck:lin>tlon  >b«i]d  be  lued  iniieul  of  ibu  in  Tabta  VID. 
I  TAe  reTrsclioi ,  beiog  tmali,  ii  mgknlad. 
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TO  FIND  THE  LATITUDE  BY  A  MERIDIAN 
ALTITUDE  OF  THE  MOON. 


The  latitude  maybe  found  at  sea,  b;  the  moon's  meridian  altitude,  more  accirntely 
iban  by  any  other  method,  uce|-t  l^  the  meridian  altitude  of  the  sun;  but  to  do  this, 
it  is  necesaary  to  finil  the  ^tne  uf  her  pasing  the  meridian,  auil  her  declination  at 
tbut  liiue.  To  bcilitote  these  calcuhitione,  we  have  triveii  the  Tables  XXVIIL  and 
XXIX„  the  uses  of  which  will  evidently  ajtpear  from  the  Tollowing  rules  and 
examples. 

To  find  the  mean  litne  of  the  moon's  passing  the  meridian. 

Find,  in  Ihe  Nautical  Almanac,  the  time  of  the  moon's  coming  to  the  meridian  of 
Greenwich  for  one  day  earlier  than  the  eea  account,*  and  also  the  time  of  her  coming 
to  the  meridian  of  Greenwich  tb«  next  day,  when  you  are  in  west  lon!;itude,  but  the 
prerj^ling  day  when  in  east  longitude  ;  take  tlie  dinerence  between  thexe  timea,  with 
which  you  must  enter  the  lop  column  of  Table  XXVIII^  and  nf^inet  the  ahip's 
lon)[iiude  in  the  aide  column  will  be  a  number  of  mmutes  to  l)e  ap]>lted  to  the  time 
taken  from  the  Naiitical  Almanac,  for  the  day  immediately  preceding  the  sea  account, 
by  adding  when  in  wtst  longitude,  but  subtracting  when  in  euNt  longitude ;  tlie  sum 
or  difference  will  be  the  mean  time  of  pawing  the  meridian  of  the  given  place. 

EXAMPLE. 
Required  t)ie  time  of  tne  moon'b  passing  the  meridian  of  Philadelphia,  April  ID 


tabiilar  number  is  48°" ;  under  thia,  and  opjiosiie  75°,  (the  longitude  of  Philadelphia,, 
■8  the  correction  lO",  nearly,  to  be  added  to  1'  55^.6,  to  obtain  the  time  of  poNBtng 
Ihe  meridian  at  Philadelphia,  Ajnil  !&'  S"  0S°-;6,  sea  accoun^  or  April  18"  3»  05=°4 
P.  M.,  civil  account. 

To  find  the  moon's  declination  vhen  on  the  meridian. 
Find  the  time  of  the  moon's  coming  to  the  meridian  as  aliove ;  turn  the  ship's 
longitude  into  time  by  Table  XXI.,  f  and  add  it  thereto  if  in  weat  longitude,  but 
subtract  it  in  east ;  the  sum  or  difference  will  be  the  tiiiie  at  Greenwich.  Take  out 
the  moon's  declination  from  the  Nautical  Almanac,  for  Ihe  nearest  hour  preceding 
the  Greenwich  Iime,|  and  also  the  variation  for  10  minutes  in  the  next  column. 

*  Tflkinir  Lh«  lime  one  day  earlier  Ihan  Ihe  lea  arcounl,  reducea  it  lo  aatroDDmieal  time  used  in  Uie 
Nauiical  Almanac.  Wo  may  otaserre  ihai  the  time  of  Ihe  nrnon'i  comine  in  Ibe  muridian.  is  given  in 
Ifae  Nauiical  Almanac  lo  lenthi  of  a  minute,  iuslcBd  nf  lecondi  of  lime.    Thil  is  done  Id  tacililate  u« 

gesimab. 

t  Longimda  may  be  Inmed  inio  time,  wiihoui  the  help  of  Table  XXI.,  by  muliiplrioff  ihe  drgreei 
and  minutes  of  the  longitude  by  4,  Bad  coniidennE  the  product  bb  nUDUIefl  end  seconils  aflime  respM- 
tively;  and,  by  the  inverse  proeeei  of  dividing  bv  4  we  may  turn  time  into  degrees,  &r.  Tbua 
30<'X4  =  3I0>>=AkI0~;  and  IS°  IG'X  4  =  61"  In*  =  1' 1"  l*.  In  like  manner,  lka>»DrB(W>, 
being  divided  by  4,  g=  -es  I0°,   *nd  ISG-,  being  divided  by  4,  giyea  49°  which  agree  wiih  ibe  lable 

labor  oflhia  pan  of  the  opuralioD  b^lalting  the  ume  at  lireenwich  Bjiibcii*^  bv  me  ehroDomeler,  al  the 
very  moment  when  the  meridian  nllitude  of  the  mooD  ii  nhnrrveii 

Nauiical  AlmaiiBC,  by  mere  inipecd'an,  wilhoul  any  reduelion.    We  may  alio  remark,  Ihal  the  ledue- 

XXX  1  but  il  i)  heller  to  do  it  b;  the  proesai  oT  mullii^ieBtion,  aa  in  tb*  rata  Rivm  ahrn*. 
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a  ie  to  be  muitiplied  bjr  ihe  ininutGi  and  tenths  of  a  minute  which  occut 
in  the  time  at  Greenwich ;  the  product,  being  divided  by  10,  gives  the  correctloii  of 
the  declination  takeu  from  Ihe  Nautical  AlnuinHc,  additive  if  that  declinaiion  ba 
htrreasing,  siililraclivi;  if  decrenain^ ;  the  autn  or  difference  will  be  the  true  declina* 
tioD  at  the  time  of  poaaing  the  mendian, 

MOTEB. 

1.  By  the  above  njle,  the  day  of  the  month  on  which  the  moon  posses  tlie  merid- 
ian must  be  taken  one  leas  than  the  sea  account.  When  the  lon);ititUe,  turned  into 
time,  is  added  to  the  time  of  pasnng  the  meridian,  and  the  hours  i»  the  luimt:  exceed 
S4',  you  must  auboract  S4',  and  add  one  to  the  day  of  the  mouth  i  if  the  longitude  bo 
Bubtractive,  and  KTeater  than  the  iim«  of  paHsing  the  meridian,  you  iiiiisl,  b«fure  ch« 
■ublraction,  add  24  hours  to  the  time  of  passing  itte  meridian,  anil  aublracl  one  from 
the  day  of  ttie  month  ;  the  sum  or  difierence  will  be  the  time  at  Greenwich. 

2.  When  the  declination,  taken  from  the  Nautical  Almanac  for  the  nearest  hour 
preceding  the  time  at  Greenwich,  is  decreasing,  and  the  correction  to  be  sdlitnicted 
exceeds  this  declination,  the  difference  of  the  two  quantitiea  will  be  the  required 
declination,  with  a  different  name  Irom  that  of  the  declination  taken  from  the  Nau- 
licai  Aimaoac 

3.  In  the  same  manner  we  may  find  the  declination  for  any  other  lime  of  the  day, 
by  making  use  of  the  given  lime  hiatead  of  the  time  uf  the  moon's  passing  the  merid^ 
ion.     In  all  these  rules,  the  second  differences  of  the  moon's  motion  are  oeglected. 

EXAMPLE. 

Required  the  moon's  declination  at  the  lime  of  her  passing  the  meiidian  of  Phila- 
delphia,  April  19,  1836,  sea  account. 

The  time  of  passing  the  meridian  of  Philadelphia  was  fbund,  in  the  preceding 
example,  to  be  April  19'  2''  5*'.6  sea  account,  or  April  18''  2''  S^.d  by  astronotnicfd 
account;  adding  this  to  [he  lonntude  ol'Pbilailelphia,in  time  5''  l"  nearly,  wc  obtain 
the  time  at  Greenwich,  April  18''  T"  €'".6.  The  declination  in  the  Nautical  Almunac 
tor  April  16"  7'  is  21"  \3f  58"  N^  and  the  variation  89"  for  10  minutes  of  time 
nearly ;  multiplying  this  by  6".6,  and  dividing  by  10",  we  get  50",  to  be  added  to 
31°  llf  S^',  twcatiM  the  declination  Is  Incieasing,  and  we  obtain  21°  14'  SI"  N.  lor  die 
required  declination  at  [he  time  of  the  moon^  pasaing  the  meridian  tt(  PhilailelpbiiL 

n  find  the  Uttiludt  by  the  lo'wi's  meridian  dUitvde,  obtmntd  by  a  fore 
observation. 
At  the  time  of  the  moon's  paving  the  meridian,  the  altitude  of  her  round  limb 
must  be  observed,  whether  it  be  the  upiier  or  lower  limb.  This  altitude  must  be 
com'cti.tl  for  the  iiemiiltHmeter,  dip,  parallax,  and  retraction,  in  order  to  obtain  the 
eeniral  ahltude  ;  with  whii-li,  and  the  declination,  we  may  find  llie  latitude  h^  the 
same  rultw  as  ive  have  used  in  finding  the  latitude  fivm  the  sun's  meri<lian  altitune. 
In  making  these  calculaiiona,  we  tnust  find,  from  the  Nautical  Almanac,  the  moon's 
seinidiainfter  and  horizontal  jMirnllax,  corresponding  to  the  lime  of  oliscrvation, 
reduced  to  the  meridian  of  Greenwich,  which  was  used  in  computing  the  declination. 
The  moon's  aemiiliauieter  is  to  be  increased  by  die  correction  m  Table  XV.,  and  this 
augmiriiM  semidinmeter  is  to  he  ailded  to  the  observed  altitude,  if  the  moon's  lower 
limb  be  observed ;  but  if  the  upper  limb  be  observed,  we  must  subtruct  this  iiUL'nient- 
ed  itpniidiametr'r  from  the  moon's  observed  altituile,  to  obtain  the  contml  altitude. 
from  tbi:*  central  altitude  you  must  subtract  the  dip  of  the  horizon,  found  in  Table 
XIII.,  to  obtain  [he  apparent  altitude.  The  correction  for  parallax  and  refraction  is 
likewise  to  be  added;  this  correction  is  easily  found  by  means  of  Table  XDL,  by 
eiilitrai'iiug  the  tahttliir  number  corresponding  to  the  moon's  altitude  and  horizontal 
parallax  from  tj&  43" ;  the  remainder  will  be  the  correclioii  for  jiarallax  and  refnu;- 
tion,*  which  is  to  be  added  to  the  apparent  central  altimde,  to  obtain  the  Irur.  altitude; 
and,  by  subtracting  this  true  altitude  from  90°,  we  obtain  the  (rue  zenith  distance. 
With  this  and  the  declination,  we  deduce  the  latitude  by  the  usual  rules,  similar  to 
those  given  for  the  sun  b  pages  166,  167. 

*  In  rompating  Ibii  lablp,  Ihe  mean  refraction  Lt  used  \  but,  when  very  preil  arruracy  n  reiiuired, 
(be  tra*  rcfraclion  ouxhl  to  be  lued.  Tbe  correclioDS  ariainr  from  Ihit  cbum;  may  be  ohiaimHl  from 
Tnhle  X.YXVL.  and  are  lo  be  applied  u  ib«  above-fbuud  nuiilh  diitanre,  w^th  itie  unie  lieu  u  it 
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EXAMPLE  L  ' 

Suppose  that,  on  the  37th  of  June,  1836,  se&  accouot,  in  the  longitude  <  l'  fiif^  W. 
from  Gri'Ciiwicli,  the  meridian  Hltiliiile  of  die  nioon's  upjier  limb  wqb  oliaerved  to  tw 
40°  C,  l>enr]iig  south,  the  eye  ol'  the  observer  being  elevated  nineteen  ftiet  above  the 
wir&i'e  nf  the  eea ;  required  the  tr  le  latitude. 

June  37tli,  tea.  account,  is  June  3Cth  by  the  Nautical  Almanac  ;  op  'Jiis  dav  Uw 
moon  |>nsst's  the  meridian  of  Greenwich  at  9°  55"i),  ineaii  time,  and  itn;  next  clay  ai 
lO"-  5ii'"S,  the  ikily  difference  being  03"^  In  Tnbie  XXV  IL,  under  '.(■",  (whidi  is 
tim  nearest  uunibur  in  the  table  to  Gd^J^ilond  up))OBite  to  the  lonGiib  le  80°,  utond 
14°;  adding  this  to  9'  55''.9,  we  get  10'  C9''JB  Tor  the  time  of  paasii^  (hs  meridian 
at  the  place  of  observation. 


Time  at  Greenwich.... June  S6  15  i 


Eequired  declination ....  23  42  07  .1  S. 


Here  the  TBriotion  of  the  declination  for 
10'°  is,  by  the  Naiitirnl  Almanac,  e7".98, 
or8".T9eforl-.  Multiplying  ihii  by  30, 
we  get  the  correction  for  30",  equal  to 
XS'M,  or  4'  3S"i>,  as  above.  This  b 
oditilive,  because  the  declination  ia  in- 
creasing. For  the  same  time  at  Green- 
wich, we  Gud  ])'b  hor.  par.  (JC  58',  and 


1)'8  apparent  altitude 39  38  56 

59'4SJ" 
Cor. T.XIX.— 13  52  diffladd  45  60 
ys  true  altitude 40  34  46 


Latitude 35  53  07  N 


EXAMPLE  n. 

Suppose  that,  on  the  37th  September,  1836,  aea  account,  in  the  longitude  of  90°  E., 
tbe  meri<tian  altitude  of  the  moou'a  lower  limb  was  observed  to  be  50"  0',  bearing 
■outh,  the  eye  of  the  observer  being  eevenieen  feet  above  the  surface  of  the  spk, 
requireil  the  true  latitude, 

SopL  27th,  sea  account,  is  Sejit.  26th,  aBtronomical  account ;  on  this  day  the  moon 
passed  the  meridian  of  Greenwich  at  13''  28*'.0,  and  the  preceding  day  at  13'  43' i^ 
ditfering  45- J3.  in  Table  XXVUl.,  under  46-  (which  is  the  nearest  tabular  number,) 
aiirl  opposite  to  W,  are  11°,  which,  being  subtracted  from  13"  W",  leaves  13''  17** 
for  the  time  of  passing  the  meridian  of  the  place  of  ohservaiJon.  Subtracting  tba 
longitude  6',  gives  the  comsponding  time  at  Greenwich  Sept.  30^  7"  l?"". 
Sept.aC'i  7»,  J)'b declination  Obi.  alt.  J'a  lower  limb. .  50°  OCK  00" 

by  N.  A 8»47'a7'N.      3>'b  setnidiain. add        15  41 

Cor.forl7-isl7xi4".4e^         4 


Required  declination 8  51   33   N. 

3)'b  hor.  par.  by  N.  a. 56'  49" 

])'sseLnidiam.  byN.A. 15   99 

^'s  Bug.  lemidiBm. 15  41 


),  Ta.  XIII.,  for  17  feet, 


^'s  apparent  altitude 50  11  38 

59'43" 

Cor.T.XIX.-34    7  diff.add  %  35 

3>'s  true  altitude 5U  47   13 

})'i  zenith  distance 39  12  47  N 

J's  declination 6  51  33  N 

Latitude 46  04  90  N. 


The  latitude  may  also  be  obtained  from  the  moco's  meridian  altitude,  by  tlin 
folkiwing  approximative  method,  which  will  vary  but  verv  little  from  the  truth,  ozoepi  • 
when  the  horizontal  parallax  and  aemidiameter  are  veiy  large  or  vory  email  :— 

Abridged  t^proximative  nuthod  of  jin^tig  the  latitttde  by  the  mean's  meridiait 
altitude,  obtained  by  afore  observation. 
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take  out  the  correapondin^  number  of  minuteB,  which  ore  to  be  added  to  liiti  cor- 
reoted  nhitude ;  the  Biiin  will  be  nearly  equal  to  ihe  true  aJlitu<lii  uf  the  niuoii ;  iu 
laiDplemeiit  is  the  zenith  distance,  which  is  to  be  used,  as  betbre,  with  the  mooa'a 
declination,  in  finding  the  latitude,  as  hy  a  meridian  altitude  of  the  mm. 

EXAMPLE  III. 

Suppose  that,  on  the  39th  of  November,  1836,  sea  account,  in  the  longitude  of  ISO* 
W^  tlie  meridian  altitude  of  the  moon's  upper  limb  was  observed  Cff'  US,  bearing 
north  ;  required  the  true  latitude. 

Nor.  39th,  sea  accouni,  is  Nov.  S8th  b;  the  Nautical  Almanac ;  on  this  da;  tha 
nioon  passed  the  meridian  of  Greenwich  at  16'  S^™.!,  and  the  next  day  at  IT'  18"'.6^ 
diffenng  45- .5.  In  Table  XXVIII.,  under  46-,  (the  nearest  tabular  number,]  and 
c^posite  the  lon^tude  150°,  stands  19" ;  adding  this  to  16''  23",  we  get  It)*  52"  foi 
the  time  of  passing  the  meridian  of  the  place  of  otiBervatiaii  nearly. 

Jf  posses  the  meridian 28''  1 

Long.  150°  W.,  in  time 1 

Time  at  Greenwich. ...Nov.  29   0 


Required  declination.. 


J>'8  true  altitude 60  34 

j>'s  zenith  distance ^t  Ha  3. 

J"*  declination 20  33  N 

Latitude 8   53  8 

In  this  example,  the  moon's  horizontal  parallax  is  54'  33" ;  with  tlits,  .mil  cho 
shitude  60°  6*  we  find  the  correction  in  Table  XIX.  Is  33*  8"  ;  siibtrtictiiig  this  from 
Sff  43",  we  eet  the  conection  of  altitirde  2&  34",  inxtead  of  'M  found  above  Irtim 
Table  XXDC  nioking  the  <:orTected  latitude  8°  54'  20"  9. 

We  absll  now  work  Examples  I.  and  II.  by  this  approximative  method. 


EXAMPLE  IV. 


EXAMPLE  V. 

{Bunc  ■■  K.iHFLl    ll.l 

a  lower  limb 50°  00 


■^'b  true  altitude SO  46 

J'B 
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TO  FIND  THE  LATITUDE  BY  A  MERIDIAN 
ALTITUDE  OF  A  PLANET. 


The  Iiitia.(1e  may  freauently  be  ohuined,  whh  BT«al  accuracy,  fparticularljr  in  lh« 
Riorning  and  evenlna,  wnen  the  horixnn  ia  well  defined,]  by  obgen'itig  the  inertiluu) 
altiiiide  of  VcniiB,  Inarsi,  Jupiter,  or  Sntum.  From  these  aliitudea  we  idbv  fitiH  tho 
lantiiilr  hy  similar  method!  to  those  we  have  Blready  aiven  for  the  sun.  The  times 
of  paMing  the  meridian  of  Greenwirli,  and  the  dechnationa  of  these  plainrts,  are 
inxertpd  in  the  Nautical  Alrtmiisc,  at  every  noou,  at  Greenwich  ;  and,  as  ihe  daily 
vHriaiions  of  tliexe  quatilitii!S  ure  Rinal],  we  con  find,  by  ini<|>cction,  to  a  auffirieut 
dsKTi'e  of  exactness  for  moxt  nautical  purposes,  Ihe  corresDonding  times  of  transil 
and  decliiintioRs  at  the  place  of  obaervatiun,  and  thence  die  latitude,  ns  in  the  follow- 
ing rule:— 

RULE. 

Find,  in  the  Nautical  Almnnne,  the  time  of  pavins  the  meridian  en  the  day  nearcR 
to  that  in  which  the  observation  is  made  ;  this  will  m  nearly  the  tin>e  of  perainff  the 
meridian  at  the  place  of  observation.*  Turn  tha  ship's  longitude  into  lime,  luia  add 
It  to  tlie  lime  of  paaaing  the  meridian,  when  in  west  longitude,  birl  subtract  it  in  east ; 
the  sum  or  <1ifference  will  be  the  time  at  Greenwich,  D«uHy.f  Take,  from  the  Nau- 
tical Ahnanac,  the  planet's  declination  for  the  noon  immediately  preceding,  and  for , 
that  immediately  following,  the  lime  of  observation,  and  note  the  difference  of  the 
declinntiouR  when  they  are  of  the  same  name,  but  their  sum  when  of  different  names; 
this  sum  or  dilffrence  will  be  the  daily  variation  of  declination.  Then  say,  As  24 
hours  are  to  the  daily  variation  of  declination,  so  are  the  houra  and  minutes  of  the 
time  at  Greenwich  to  the  correction  of  the  declination  ;  to  bi;  applied  to  the  firM  dec- 
linntion  taken  from  the  Nautical  Almanac,  additive  if  the  dixEiuation  be  incri.-(u>ing, 
Buluractive  if  decreasing ;  the  sum  or  difference  will  be  the  der.linnlion  of  the  planet 
at  the  time  of  observation.  But  you  must  observe  that,  if  the  correction  of  der.liiialion 
be  greater  tlian  the  declination  nrat  marked  in  the  Nautjcnl  AlfiianHc,  their  diUbrence 
(nil  be  ihe  sought  declination,  which  will  be  of  a  different  name  from  the  fiist 
decUnnlion. 

From  the  ohMrved  altitude  of  the  planet,  taken  by  a  fore  observation,  subtract  the 
refViii'linn  and  dip,  the  latter  being,  in  general,  about  4'.  The  remainder,  being 
aubtracted  from  9CP,  will  give  the  true  zenith  distance  nearly,  t  with  which,  and  tb« 
(Jecliuntioii,  we  may  find  the  latitude,  aa  l^  an  observstioii  of  the  aun. 

EXAMPLE  I. 

SuppoBi-  that,  on  the  23d  of  October,  1836,  sea  account,  in  ihe  longitude  ofti.'i"  Vf^ 
Jufiiler  passed  the  meridinn  to  the  southward ;  the  meridian  altitude  of  his  centre, 
Iiemg  o^8crved,  was  45°  3D',  and  the  dip  4' ;  required  the  true  latitude. 

OcL  23d,  sen  account,  is  OcL  2Sd  by  the  Nautical  Almanac  ;  and  on  that  day 
Jupiter  passed  the  meridiui  at  19'  S~,  nearly ;  adding  the  longitude  65°,  tumed  into 

*  If  we  wish  to  find  the  lime  of  paniiw  Ibe  moridiHii  niorti  acciiraiely,  we  muat  take  a  proponions] 
ptn  o(  Ihe  d[tlerence  of  Ihe  limea  or  eomiBg  lo  ihe  meriiliui  giveo  in  the  ^ultical  Almuac,  in  itka 
miuiiiFr  Bi  in  findiog  Ihg  deciinalion  of  Ibe  ptanel ;  slwaj^  keeping  in  mind,  diM  the  lime,  accoiding 
In  th>  ailninomical  compulUion,  ii  lued  in  llw  Nsulical  Almanic,  and  il  oh  dny  leu  ihui  tlie  nea 

I  This  pan  or  (be  apereijoa  naj  he  aroided,  if  we  bavs  ■  ehroanocleT-rqnlitad  Ttr  araeuwieh 

tiiiie|Bnd  naie  by  il  ibe  lime  of  ab«rvBiiDn. 

n  fmii^  la  t1^i/x"a"'tSi"  "*■--  "  " -" 
parallrx  in  altitude  by  ibii  u 
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tnne,  (that  is,  4''  30*,J  we  get  ihe  correBpondinfc  time  at  Chreenwich.  by  the  NautiRftl 
Alinunac,  OrX  22'  '£^'^  25"  ;  niid,  for  this  time,  we  find  the  <lef.linBtioa  of  the  planet, 
Iqt  man  inspectioii  of  the  Nautical  Almanac,  to  be  16°  45'  N^  nearly. 

From  JupiMi^  ofaMirred  altitude 4!PW 

Subtract  dip  4', refnctioii  1' 5 

Leave*  the  true  attitude 45  15 

Whence  the  true  zenith  distance  If 44  4S  N. 

Jupiter's  declinUiaD 16  45  N. 

Utiiude 61  30  N. 

In  this  example  we  hare  found,  bj  inapection,  Ae  time  of  poning  the  merUinn,  or 
the  dec li nation.  If  greater  accuracy  m  required,  we  muit  take  proportional  parts  of 
the  daily  variations,  corresponding  tn  the  longitude  of  the  place,  and  the  time  of 
obMeivation.  Thus,  the  time  of  paasinK  the  meridian  on  Oct.  23,  by  tlie  Nautical 
Almanac,  is  19»  5'°.4,  and  on  Oct.  S3  ia  IS"  2-.0,  decreasing  3-°.4  daily,  or  for  360°  of 
longitude.  Then,  by  proportion,  we  have  360^  :  SM  : :  65° :  O^.fl ;  so  that  the  cor- 
rection of  the  time  of  paBsing  the  meridian  for  65°  W.  lungitude  is  0'°.6,  to  bu 
Hibtracced  from  19''  S".^  to  obtain  the  time  of  passing  the  meridian  in  the  place  of 
obaervation,  19"  4'".B.  Adding  to  this  the  longitude,  turned  into  time,  4''  90"",  we  get 
the  carresponding  time  at  Greenwich,  23^  23'>  24''.8.  Now,  by  the  N'autical  Almanac, 
the  declination,  Oct  S3d,  ia  16°  47'  17" Ji  N.,  at  noon,  and  the  next  day,  16°  45'  18" .1  N, 
at  noon,  differing  V  5B".l,  or  I19".l.  Then  my.  As  34'  :  119".l  ::  23"  SJ^.B  :  116' 
orl'  56",  to  be  subtracted  from  16°  47' 17" JS,  to  obtain  the  true  declination,  16°  45' 31' 
nearly,  at  the  time  of  obaervation.  Tbe  horizonttil  parallax,  by  the  Nautical  Almanac. 
is  1".5I^  which  is  wholly  insensible ;  and  the  semidiameter  is  IS",  which  muat  bd 
neglected  because  the  central  albtude  was  observed.  Hence  we  see  chat  these  corn  c 
tiona  in  the  calculations  jvoduce  but  very  little  change  in  the  resulting  latitude,  and 
thai  tbe  process  bv  inspection  is  sufficienuv  accuraw ;  and  thia  will  be  found  generaj!} 


thai  tbe  process  bv  uispection  is  sumcientlv  accuraw 
to  be  the  case  wiu  the  planets  Jupiter  and  Saturn. 


EXAMPLE   H. 
Suppose  that,  on  Ihe  17th  of  September,  1836,  sea  account.  In  the  longitude  nt 
75°  R,  Venus  passed  the  meridian  to  the  northward ;  the  meridian  central  altitude, 
being  obserred,  was  Sff*,  and  the  dip  4* ;  miuired  the  tnie  latitude. 

Sept  17th,  by  sea  account,  ia  Sept  16th  by  tbe  Nautical  Almanac;  and  on  thisdiiy 
Venus  passed  the  meridian  at  30'  59"",  nearly ;  suhtrecting  the  longimde  75°  =  S',  we 
g«I  Sept  16''  15'  59"  for  the  corresponding  time  at  Greenwich.  Now,  by  the  Nau- 
tical Almanac,  the  declination  of  Venua,  at  noon.  Sept  16",  was  14°  49'  3U''.7  N.,  and 
the  n«xt  day  14°  44' 22".l  N.,  difTerina  5'  11".&  Then  we  have  24" : 5"  lI"Jj : :  IS'' 59-  f 
»  37".5 ;  subtracting  this  from  U'^49'  33".7,  we  get  14°  46-  06"  N,  nearly,  for  th> 
piunet'ii  ieclinalion  at  the  time  of  observatioii, 

Fitim  die  observed  central  altitude  of  Venua ...  26°  Off 

Subtract  dip  4',  refraction  3' 6 

LeaTes  the  true  altitude  nesjlT 25  54 

Whence  the  true  zenhh  distance  it 64  06  8. 

Declination  of  Veniw 14  46  N. 

utkude 49  aoa 


izedbyGoOglC 


To    FIND    THE    LATITUDE    BY   DOUBLE 
ALTITUDES 


Form  I. — By  doabk  aliitudea  of  the  mn. 

Wbeit  (by  rewon  of  clouds,  or  from  other  csusfb]  a  nteridiHO  altitude  cannot  ba 
obtained,  the  latitude  may  be  found  by  two  altitudes  of  the  sun,  taken  at  any  time  of 
the  day,  the  interval  or  elapsed  time  t>etween  the  observations  being  measured  by  a 
good  watch  or  chronometer,  noticing  tiio  seconds,  if  jioBetble,  or  estitnating  the  tiinM 
to  a  third  or  a  quarter  of  a  minute,  if  the  wotch  is  not  furnished  with  a  second-hantL 
The  observed  altlludea  of  the  sun  muat  be  corrected,  as  uaual,  for  the  setnidiameter, 
dip,  refraction,  and  parallax,  in  the  same  manner  as  in  findins  the  latitude  by  a  merid- 
ian altitude.  When  great  accuracy  is  required,  the  declination  must  be  found  at  the 
time  of  each  observation,  using  lite  third  method  of  solution  hereafter  given  ;  but  < 
wlien  the  aiin'a  declination  vanes  slowly,  or  the  elapsed  time  is  small,  it  will  in 
general  be  sufiicienlly  accurate  to  fiud  tlie  sun's  declination  for  tlie  middle  tune  hebetai 
tiBo  obaerBationt,  and  to  consider  it  as  invariable  during  the  observation^  computJDg 
the  latitude  by  the  first  or  second  method. 

This  manner  of  finding  the  latitude  is,  in  general,  moat  to  be  depended  upon  where 
the  sun's  meridian  zeniib  distance  is  great.  If  the  sun  passes  die  meridian  near  to 
lie  zenith,  much  greater  care  must  be  taken  in  measuring  the  altitudes  and  noting 
tlie  limes,  than  would  be  necessary  under  other  circumetancea.  The  nearer  the  mm 
is  to  the  meridian,  at  the  time  of  one  of  the  observations,  the  more  correct  the  result 
will  commonly  be.  In  general,  the  elapsed  time  ought  to  be  as  great,  or  greater,  than 
the  time  of  the  nearest  observations  from  noon.  Bimilar  remarks  may  be  made  upon 
every  one  of  the  following  forma 

In  all  these  observations  it  is  supposed  that  the  watch  moves  uniformly  according 
to  <miart»t  time,  mesKuring  twency-tbur  hours  from  the  time  of  the  sun's  passing  the 
mendian  on  two  siicrexsive  days  at  the  same  place  of  observation.     If  the  watch 

Ein  or  lose  on  apparent  lime,  supposing  tlie  observer  to  be  at  rest,  a  correction  muat 
applied  for  the  gain  or  loa  during  the  time  elapeed  between  the  obaervalions,  so 
as  to  oinain  accuratelv  the  tlapnd  time  or  how  angle.  It  is  not  required  that  the 
watch  should  l>e  re^ihted  so  as  to  give  pracisely  the  how  of  obeervaiion ;  the  only 
thing  required  is  to  find  the  dap$ed  lime  with  ail  possible  accuracy. 

FoRU  II. — Double  altitudes  of  a  star. 

Double  altitudes  of  a  fixed  star  mav  be  used  in  finding  the  latitude,  and  the  calcu> 
Intlon  is  almost  identical  with  that  of*double  altitudes  ofthe  sua ;  the  only  dif!erence 
consists  in  adding  a  small  correction  to  the  elapsed  mean  solar  time  tietween  the 
ohservatjoua,  on  account  of  the  daily  acceleration  of  3'  56"  in  the  time  a  star  comes 
to  the  meridian  on  successive  days ;  in  other  words,  the  ilapttd  lime  (or  hour  angU) 
must  be  reckoned  in  sideral  time,  of  which  we  have  already  spoken  m  the  second 
note  on  page  147.  Now,  en  a  chronometer  is  usually  adjusted  to  mean  solar  time, 
and  the  observations  marked  by  it,  vre  must  add  to  the  mean  time,  elapsed  between 
the  observations,  the  correction  given  in  Table  LIt  to  reduce  it  to  sideral  time. 
Thus,  if  the  interval  in  mean  solar  time  he  S'',  the  corresponding  correction  in  this 
table  is  -|-  ^'.G,  making  the  interval  in  siileral  lime  (or  the  correct  hoar  angle) 
11'  00"  39'.6,  which  ia  tobe  used  in  the  rest  of  the  calculation. 

Ill  obserTBtlons  of  a  fixed  star,  the  altitudes  are  to  be  corrected  fbr  dip  and  refiac 
ilmi,  as  in  finding  the  Iniitude  by  a  meridian  altitude.  The  declination  of  the  star  is 
to  be  found  in  Table  VIII.*     With  these  altitudes,  the  declinatioD,  and  tlie  hour 

ac,  iT  any  on*  of  Iba  bright  dan  ii  observed  whoM 
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angle,  tlie   cakulation  is  la   bs   inade   by  eilher  of  tbe   three   meihoda  faereuAet 
given. 

The  chief  difficulty,  in  oheervatioDB  of  this  hind,  with  a  fixed  star,  ia  the  want  of  a 
i^ood  horizDD  in  the  night-time.  The  method,  however,  might  aometimes  be  used 
with  Bticceie,  soon  alter  tbe  dawn  of  day,  or  lute  in  the  evening  twilight,  ai  a  liine 
■  when  tbe  horizon  is  well  defined,  aiid  the  sliir  aufficieiitly  bright  to  bring  im  retlof^ted 
image  to  the  horizon.  Suinetiiiies  a  good  bori/on  ia  produced  by  tbe  aurora  barealic, 
m  which  case  a  good  obttervaiioii  might  be  tnade  witli  Htarv  in  ilie  nonhern  horizon  ; 
but  a  nngje  obaervouoD  of  the  |>oiar  nar  will  auawer  the  same  purpose,  and  will  bo 
much  more  aiinple.' 

Form  III. — Double  altitudes  of  a  planet. 

Double  ahiiudeB  of  a,  planet  (particularly  Jupiter  and  Venus,  on  account  of  their 
grsat  brighttxeee)  utay  aonietitnes  be  used  with  aucceaa.  Tbe  observed  ollitudi'S  must 
be  corrected  for  dip  and  refVaction.  The  parallax  and  aemidiameter,  being  small, 
may  be  neglected,  except  in  cases  where  extreme  accuracy  is  required.  The  dcclina- 
lian  of  [lie  planet  is  to  be  found,  in  the  Nautical  Almanac,  for  the  supposed  lime  at 
Greenwich.  The  daily  variation  of  the  tiine  of  coming  to  the  meridian  is  also  to  be 
found  in  the  same  page ;  and  thus  tbe  time  elapsed  between  the  passage  of  the  planet 
over  the  meridian  on  two  aucceenve  daye  is  feund ;  ^len  the  corrected  elapsed  time, 
or  hmr  angle,  is  obtained  by  the  following  rule : — 

RcLE.  ^  the  interro/  of  time  between  too  mieeeumt  jMtuoga  qf  the  object  oter  Uie 
meridian  ii  to  tatnty-four  Aouri,  to  it  the  elapttd  mean  tune  bdhtieen  Ute  obtervatioru  U> 
the  comeled  tlapatd  time,  or  kour  an^e. 

With  this  Asur  angie,  the  (fedntotton,  and  eomcted  aUilvdet,  the  latitude  may  be 
found  by  either  of  the  three  fbUowing  methods  of  calculation    - 

PoKM  IV.—DmbU  attitvdei  of  the  mem. 

Doulile  altitudes  of  the  moon  may  also  be  used  in  finding  tbe  latitude.  These 
ofaeerrations  may  be  esaiW  and  very  accumtely  made ;  bul  the  calculation  is  much 
tnoic  complex  than  any  of  the  preceding  methods,  on  account  of  the  great  change  in 
the  mooD^  declination  and  riglil  ascension  during  the  elapsed  time  between  the 
olieervaliona.  I^  however,  by  me  times  of  observation,  and  the  longitude  of  the  abip, 
(or  else  by  a  chronometer,)  the  time  at  Greenwich  can  be  obtained  within  a  few 
minutes,  we  may,  from  the  Nautical  Almanac,  find  the  corresponding  declination, 
Bfniidiameler  and  horizontal  parallax  of  the  moon  for  eacK  of  these  observations. 
With  the  horizontal  parallax,  and  tbe  moon'a  apparent  altitude,  find  the  correction  in 
Talile  XIX.,  which,  being  Bubtracted  from  59  42'',  leaves  the  correction  of  tbe  irioon's 
Hliitude  for  parallax  and  refraction ;  *  tfaia  is  to  bs  aditud  to  the  correapoading  observ- 
ed altitude,  corrected  for  lemidianietar  and  dip,  to  obtain  the  moon^  oorred  centnd 
ahiiude.  Tliis  is  to  be  done  at  taA  obeervadon.  liBstly,  the  time  of  tbe  nioon^ 
iMsaing  the  meridian  on  Micc«sBive  days,  given  in  the  Nautical  Almanac,  bIiows  the 
interval  of  tune  lietween  two  successive  paamges  of  the  moon  over  the  merlilian,-|-  and 
Oax  time  it  to  tipenlsfour  Aour*  at  the  elapsed  time  between  the  observationa  it  lo  Uie 
tmreded  etapaed  time  or  hour  angle.  With  this  hour  angle,  the  correr'  centml  ollitudee, 
•ud  the  declbattons,  the  latitude  may  be  found  by  the  fourth  of  tlir-  folio  wing  methods 
of  calculation,  it  beuig  very  rare  that  the  other  methods  can  be  useo,  ou  account  of 
the  great  change  in  the  moon's  declination. 

FoRU  V. — Bi/  altitudes  of  two  different  objects,  taken  at  the  same  time. 

The  latitude  may  he  obtained  by  observing,  at  the  tame  moment  of  time,  the  altitudes 
df  two  heavenly  bodies ;  aa,  for  example,  [IJ  The  sun  and  moon ;  |  (3)  The  moon  and 
a  fixed  Blar  or  planet ;  ]  (3)  A  planet  and  a  fued  star ;  (4)  Two  pUiiets ;  (5)  Two  fixed 

*  Wbea  airenie  tteuntv  u  DOi  required,  we  Dwy  Snd  ihe  eoirecliOD  far  panllu  ud  refrBetiiHi 
<rnH  Table  XXIX.,  whirh,  if  tbe  altiiudM  are  laiVB,  will  »ol  vary  much  rrom  Ihe  Imih. 
t  Tliii  lime  i*  given  lo  tcaOa  ol  a  minule,  whicta  in  ^neiol  is  lufficieni,  because,  if  the 


ill,  ibeeffeet  Dfihi 

na  or  tbe  righi  ueeMiatu  of  ibe  iub  and  uiodh.  nnng  ibe  teeoad  diffsreucei,  ai 

t  A  pariicaliu'  ea>e  of  ihis  method  occurfl  in  faking  n  lunar  obicrTatton,  whieh  will  be  tr 
— ■-<-  < -'' e  diiUnce  or  [be  Iwo  bodlM  beiog  known,  lbs  ealculalion  become!  miu 
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nnra.  In  thene  methods  the  allitudesare  to  be  corrected,  as  in  tiie  preceding  Fomu, 
for  dij>  and  rt<fraction  ;  aleo  for  pamllox  and  ssinidiametiT  when  neneBsary,  as  il 
always  t)in  case  in  obeerrationB  of  the  moon  and  sun.  The  declinDlioni  of  tlie  bodiea 
are  to  be  found  for  tlie  supposed  lime  of  obtervation,  reduced  to  the  meridian  of 
Greenwich,  by  meena  of  the  Nautical  Almanac,  or  by  Table  VIII.  for  the  Rxed  atnrs^ 
as  before  tauglit.  Then  the  difference  of  the  right  Baceuaions  of  the  bodies  (or  that' 
difierence  subtracted  from  34  hours,  if  it  exceed  12  houra)  will  be  the  Aour  angle, 
which  is  to  l>e  used,  with  these  decIinUions  and  corrected  altitudes,  in  finding  the 
latitude,  liy  either  of  the  three  firat  methods,  if  the  declinations  should  he  equal,  or 
differ  hut  one  or  two  minutes;  otherwise  1^  the  fburth  niethoit,  which,  in  fact,  may 
he  consiilered  as  the  only  method  to  be  used  in  thiti  kind  of  observsbouB,  bi 
ahiiost  all  caaes,  the  dechnauone  of  the  objects  differ  considerably. 


s  happen,  for  want  of  (im  good  inHtniments,  or  from  not  having 
Uae  otieervers,  that  the  preceding  Form  V.  cannot  be  etnployed.  In  tliis  case  the 
whole  of  the  obeerrationa  may  be  moile  by  one  person,  noticing  the  inlerval  lietween 
.  the  observationa,  and  making  the  calculation  as  in  the  following  Form  VII.  But  it  !■ 
ill  general  much  better  to  make  the  observations  as  near  to  each  other  as  oonihle, 
and  tiien,  by  a  very  simple  process,  tlie  calculation  may  be  reduced  to  that  of  Form  V^ 
in  which  the  ohservationa  are  taken  nf  the  lame  moment.  This  is  done  liy  observing 
the  Srit  object  twice,  bejbrt  and  q/ler  oliservijig  the  ttamd  objf/1.  For  if  the  jntervaJs 
of  time  l>vtween  these  three  ohecrvations  be  equal,  (as,  for  example,  one  minute,  or 
two  miniitee,)  the  half-sum  of  the  two  altitudes  of  tlie  first  object  may  be  taken  for 
the  altitude  corresponding  to  the  lime  of  obaervtng  the  BMU>nd  altitude,  and  the 
calcBlation  may  then  he  nwde  as  in  Form  V.  Thus,  suppose  at  ID''  3°,  A.  VL,  per 
watch,  the  altitude  of  Sirius  was  17°  54',  at  10'  4'°  per  wnlch  the  alliltide  of  Capella 
60'  45',  and  at  10'  6°"  per  watch  the  altitude  of  Siriiu  was  again  observed  and  found 
to  l>e  17°  56'.  In  this  case,  the  intervals  of  time  are  exactly  two  minutes;  therefore 
the  half-Bum  of  the  altitudes  of  Sirius  is  to  be  taken  17°  S&,  and  combined  with  the 
altitude  of  Cajiella  60°  4S,  eupposing  both  to  have  been  observed  at  10'  4*'  per 
watch.  This  is  the  most  sim]ile  form  in  which  an  observation  of  this  kind  con  be 
made  by  one  observer. 

11^  from  any  cause  whatever,  the  observations  cannot  be  taken  at  exactly  e<]ual 
intervals,  the  altitude  of  the  first  object,  at  the  time  of  observing  the  second  object, 
may  be  found  by  proportion,  supiUH-iug  the  altitudes  to  vary  uniformly  during  the 
few  niitiiites  if  the  observaticoia.  Thua,  in  the  preceding  example,  su[>poBe  the 
altitudes  and  Jie  two  first-noted  limes  to  remain  unaltei«d,  but  the  last  observation 
of  Sirius  to  have  been  at  10'  10"  pt^r  wnlch,  instead  of  10'  S".  In  this  case,  during 
the  ei)(lit  minutes  of  time  elepserf  lit-tweeti  lO"  2"  and  10'  lO",  Sirius  would  have 
risen  4',  (from  17°  54'  to  17°  58"  ;T  therefore,  by  proportion,  it  is  found  that  m  two 
minutes  (the  time  elapsed  between  10'  3"  and  10'  4")  the  star  would  have  risen  1', 
and  The  altitude  would  have  increaKid  from  17°  54*  to  17°  55' ;  therefore,  at  the  time 
10'  4"  per  watch,  the  altitude  of  Sirius  must  be  taken  at  17°  55',  the  altitude  of  Ca- 
pella 00°  45*,  and  with  these  quantities,  considered  as  observed  at  this  last-ntentionod 
time  10'  4'",  the  calculation  must  be  made  as  in  Form  V. 

There  ara  several  advantagea  iiiten<liiig  these  two  lest  forms  V.,  VI.,  since  no 
allowance  is  necessary  for  the  change  of  place  of  the  ship;  the  observations  can  be 
immediately  made,  in  a  short  interval  of  luir  weather,  when  the  conunon  niethiHl  of 
double  altitudes  migtit  fail  from  the  intervention  of  clouds;  the  time  can  also  b« 
obtained  at  the  same  oiteration,  &c. 

Form  VII. — By  altitudts  tf  two  different  eibjecti,  taken  at  Hifferent  times. 

This  method  differs  but  very  little  fVom  the  two  lasL  The  altitudes  are  to  bt 
corrMMd,  in  tlie  same  manner,  for  ilip  and  refraction ;  also  fi>r  parallax  nnd  semi- 
diameter,  when  necessary.  The  right  ascension  and  declination  of  taeh  object  is  to 
be  found  for  the  atippoeed  time  of  observing  thai  object  reduced  to  the  meridian  nf 
Greenwich.  Then  the  apparent  elapeed  time  between  the  observations,  is  to  be 
turned  into  sideral  time,  wtiich  may  be  done,  as  in  Form  II.,  by  adding  the  correc. 
tlon  Ln  Table  II.  cone^wnding  to  this  time ;  add  thia  sidereal  time  to  the  righl 
ascension  of  the  body  fiiat  observed ;  the  difference  betwoen  this  SDm  and 
the  ri|Tht  ascension  of'^  the  body  last  observed  is  the  hour  angle.*     This,  wfth  the 

trttaramfT 
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declluatione  and  corrected  attimdes,  ia  to  be  used  in  findiDg  the  latitude  by  llin  llura 
Mr  JinsrUi  of  the  following  methods  of  calculsiion,  it  being  yery  rarely  the  esse  that 
tlie  6r8t  or  second  mettimla  can  be  used,  on  account  of  the  di^rence  of  the  decliiia 
tions.  Heae  tht^e  last  forma,  when  a  fixed  star  or  planet  ia  used,  are  restricted  vKvy 
aiuch  from  the  want  of  a  KO<>d  horizon  in  the  night ;  they  are  best  adapted  to  dit: 
ntoming  and  evening  twilighL 

GENERAL  REMARKS. 
Having  thus  explained  several  of  the  difTereiit  forma  af  making  these  observations, 
and  the  inamier  of  finding  in  each  form  tliu  hour  angle,  "ihe  lUclinakona,  and  tXmcorrtd 
central  altUudet,  vie  shoil  now  j^ve  four  different  [iietho<lB  of  culi'uinting  the  latitude, 
and  sliall  iiluBliate  the  rules  by  proper  uxuinples.  In  thajirtt  and  ieaind  methods,  the 
deelinalion  Is  aupiiosed  to  be  the  ttane  oc  both  observations,  which  is  true  as  it  respects 
observations  of  u  fijcfd  star,  and  is  in  general  sufficiently  correct  for  common  obi«er\'a 
lions  of  double  alriludes  of  the  sun.  The  first  of  these  methods  is  direct  and  Bini]ile 
not  embarrassed  with  much  variety  ofcnsuu,  requiring  only  ten  0))eningM  of  the  Tnlde 
XXVll.,  witliout  any  halving  or  donhling  of  the  logarithms,  or  the  use  of  natural  ot 
versed  sines.  This  method  is  bi  fact  nearly,  if  noi  fully,  as  sliort  as  the  fccond  or 
approximative  method  invented  by  Mr.  Douwes,  and  which  wiu  exclusively  imed  In 
the  former  editions  of  this  worh.  Tfiis  itcond  (or  Douwes')  method  is  llahle  to  the 
otiiectiou  that  the  calculation  must  soiiietinies  l)e  ro|>eiited  sevend  timue  belbre  a  true 
solution  can  be  obtained,  and  then  it  l>ecomea  extremely  troublesome.  This  diflicnliy 
does  not  occur  in  the  firai  method  ;  nnd  on  tliis  account,  as  well  as  fur  its  reiiiurhahle 


-1  the 

deciinatiun  of  the  olgect,  during  the  elapsed  time  between  the  observations,  as  iii'ikc 
commonly  happens  when  the  aim  is  used.  This  nieinod  is  short  and  ijiniple,  anil  ia 
much  lactlitated  by  the  use  of  Table  XLVI.,  which  I  have  computed. 

The/owHi  method  embraces  the  ptneral  eolation  of  iIh:  problem  in  the  case  where 
any  variation  whatever  of  ducliuatioa  is  noticed.  This  increases  the  lalior  consid- 
erably, and  renders  the  solution  more  complex  in  its  cases.  It  a,  however,  believrd, 
that  this  method,  drawu  np  in  its  present  form  by  the  author  of  this  work,  will  bo 
easily  understood  bv  navigators,  anjl  that  they  will  thus  he  enab1e<<  to  determine  the 
latitude  with  cousidemble  accuracy  in  cases  where  it  miglit  be  of  the  utmost  imjHir- 
lance  to  know  it,  and  wbeiv  otlier  methofls  could  not  be  resorted  to  on  account  of  bid 
weaiber.  This  method  is  nearly,  if  nut  quite,  as  short  as  that  published  by  Dr. 
Brinkley  in  the  Nautical  Almanac  of  1835,  and  does  not  require,  tike  his  method,  a 
lecond  or  third  (or  even  a  greater  number]  of  operationa. 

If  the  observer  should  change  his  place  or  slatioii,  during  the  elapsed  time  between 
the  observations,  a  correction  [uust  be  a))plied  to  one  of  the  altitudes  on  thia  nccouni. 
The  manner  of  doing  this  is  shown  in  the  following  exatnples- 

It  may  be  observed  that  in  like  manner  as  there  arc  two  liititudes  corresponrtinjt  lo 
tliB  mme  meridian  altitude  of  the  sun,  according  as  the  zenith  is  [lonh  or  soiitli  of  [he 
■un  when  on  the  meridian,  so  in  double  ahitudes  there  are  generully  two  latitudi's, 
corresponding  to  the  j)ro{*oged  altitudes,  according  as  the  zenith  and  north  pole  are  on 
the  satne  side,  or  on  different  sides,  of  Itie  arc  or  great  cirde  passing  through  [he 
two  observed  bodies,  or  through  the  tivo  places  of  the  same  body ;  and  it  tlieref<ire 
becomes  necessary  lo  notice,  at  the  time  of  observation,  how  the  zenith  and  north 
pole  are  situated  with  respect  to  this  great  circle. 


To  ulivtale  the  effect  of  small  errors  in  tlu  ohservatioiu 

When  nmning  in  with  the  land,  or  crossing  a  dangerous  parallel  with  no  othei 
means  of  oblaunng  the  latitude  than  by  double  altitudes,  it  becomes  a  matter  of  grciit 
im|)onance  to  ascertain  the  possible  error  of  the  latitude  thus  computed,  arising  from 
supposed  errors  in  the  observed  altitudes,  or  in  the  ela|>sed  time.  Tlie  differential 
expresetons  in  spherical  trigonometry  afford  methods  of  doing  this ;  but  they  are  nut 
adapted  to  the  nature  of  this  work,  on  account  of  the  complicadon  and  variety  of 
cases.  The  following  method,  though  long,  is  general  and  mlallible,  and  was  once 
used  by  'he  writer  in  a  case  of  great  anxiety  and  danger. 

RcLB.  After  having  computed  the  latitude  by  either  of  the  four  following 
methodic  uring  the  obsmned  altitudes  *  and  el^ieed  time,  repeal  Ikt  operaliim,  varying 

*TWi*,  Ike  obttrvMl  •lliuidti,  eonsctad  ■■  uiubJ  fta  ifip,  miracliuo.  paiallu.  and  (cmidiBmotei 
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the  iltitude  you  nispecl  may  be  erroneous  by  V  or  9,  (or  whatever  you  supitoJe  ttia 
limit  of  the  ermr  in  that  nitiiude  muy  be ;)  the  difference  between  this  tecond  Intltude 
utid  that  tirst  uninpiiteii,  iit  the  effect  of  tlie  supifused  error  in  tliat  altitude.  If  you 
NU8p>;ct  the  second  aliilnde  also  to  be  erroneous,  the  operutioD  may  be  agaiu  repeated, 
varying  this  second  alciiude  2'  or  3*,  (or  whatever  the  limit  may  be  supposed,)  but 
lining  the  first  observed  altitude  and  elapsed  time ;  comparing  this  third  computed 
latitude  with  thejirtt,  the  difference  is  tliu  effect  of  lliie  supposed  error  in  the  gtama 
ultitude.  Finally,  if  the  elapsed  time  is  supposed  to  be  errcneous,  tht;  operslion  may 
be  again  repented,  using  llie  observed  altitudes  and  varying  the  elapsed  time  by  30  or 
30  secondi,  (or  wbaievor  llie  limit  of  this  error  may  be  supposed  ;)  the  dinereiice 
between  thiB/ourl&  latitude  and  thatjlrvl  computeil  is  the  effect  of  this  supposed  error 
of  ihe  elapsed  lime. 

Thus,  suppose  the  first-computed  latitude  won  30°,  the  second  30°  1',  the  third 
30°  3",  the  fourth  30°  9* ;  the  error  arising  from  the  first  altitude  would  be  I',  that' from 
the  second  attitude  3',  and  that  from  the  elapsed  ^me  S*.  If  all  these  errors  exinted  at 
the  same  time,  the  greatest  limit  of  the  error  would  be  the  sum  of  these  quantities  [or 
&),  so  that  the  true  latitude  would  be  30°  ±  6*,  or  between  29°  54'  and  30°  &.  In  this 
way  the  lirnii  of  the  error  may  be  obtained  in  any  case,  and  the  decree  of  confidence 
that  may  be  placed  in  the  obaervalioti,  obtained.  This  examinntion  is  sometimes  very 
necessary,  b^iise  the  objects  may  tj«  so  situated,  that  a  aniall  error  Ju  the  observa- 
lirins  might  produce  a  consideraltle  change  in  the  computed  latitude.  It  may  be 
oliserved  that  the  error  of  one  observation  is  frequently  corrected,  in  whole  or  in  part, 
by  the  error  of  the  other  ;  the  one  tending  to  increase  the  latitude,  the  otber  to 
decrease  iL 

FIRST  METHOD. 
To  find  the  latitude  by  double  altitudes  of  the  sun,  or  any  other  object,  th* 
declination  being  invariable. 
Iti  this  method,  the  tog.  rines,  cosines,  &C.,  of  Table  XXVIl.  are  used ;  and,  fi>r 
brevity,  the  word  log.  is  omitted  in  the  rule.  For  the  convenience  of  wiittng  down 
at  once,  in  the  same  line,  all  the  logarithms  which  occur  at  tlie  same  opening  of  the 
book,  lliey  ore  nmniged  in  three  columns,  as  in  the  following  formula  ;  and  it  will  be 
very  convenient  to  have  one  of  these  blanks  prejwred  at  the  commencement  of  the 
operation,  and  then  the  loguhthina  may  be  written  down,  in  their  proper  places,  whh 
great  rapidity. 

FORMULA. 
Coi»  1.  Col.  3.  Col.  3. 

Elapsed  tune,  [p.  u.]  Oosec 


Declination Secant 

A Cosec. 

Half-sam  alts. Cosine 

Half-diflT.  alts. Bine 


Cosec 
Sec. 

Sec 


Cosec 


RULE.    {Using  I^Me  XXVU.) 
1.  Find  the  elapsed  time  *  in  column  P.  M.j  take  out  the  corresponding  cosecant, 
and  put  it  n  Col.  1. 

3.   Put  the  se.cant  of  the  decliiMtion  in  Col.  I ;  its  cosecant  in  CoL  3. 

3.  The  sum  of  the  logarithms  in  Col.  1  (rejecting  10  in  the  mdex)  ■■  the  cosecant 
of  the  angle  A,  whose  cosine  is  to  be  put  in  Col.  3  and  Col.  3.f 

4.  The  sum  of  the  logarithms  in  Col.  3  (rejecting  tO  in  the  index)  is  the  eosecnnt 
of  the  angle  B,(lesa  than  90°,)  which  is  to  be  named  norfA  or  Mt4A,  like  the  declination, 


!  (orrteud  elipied  linM,  or  hour  anf£(,  [i 


itnei  of  A  utd  C  are  each  wriltcn  down  ftirtn,  whicb  nducei  Uw  Dumber  of  lD|[uilhiM  It 
\a  from  17  w  U. 
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ISl 


5.  Find  half  the  nm  vC  the  two  atliludea ;  place  its  cosine  in  Col.  1,  its  cos)-coiii 
in  Col.  2.  Fiud  ako  hair  the  diflerence  of  tlit:  two  oliitudea  ;  place  its  siiie  in  Ci>l.  1, 
Its  aecunt  in  CuL'J. 

6.  TLe  sum  of  the  three  lower  logiirithmB  of  Col.  1  (rejecling  SO  in  the  iudex)  u 
:he  sine  of  the  angle  C,  whose  cosine  is  to  be  pluced  in  Col.  3  aji<l  Col.  3.* 

7.  The  sum  of  the  lojrarilhins  in  Col,  2  (rfijecllng  30  in  the  index)  ie  the  secant  of 
'.he  zenith  angle  Z,  which  k  to  be  taken  out  (k-w  than  90°)  and  plncjid  uiidrr  R,  in 
Col.  3,  DBniiiig  it  north  if  the  zenith  and  north  polo  be  oituuied  on  the  lame  eidu  of  [he 
arc  or  great  circle  pssuus  tlirough  the  two  observed  places  [or  ebjects),  but  sovik  If 
the  zenith  and  north  pole  be  situated  on  different  sides  of  that  great  circle.t 

6.  The  angle  E  is  found  by  laltiiia  the  nun  of  the  angles  B,  Z,  if  they  arc  of  the 
tame  name,  or  their  difftrtnet  if  of  d^mnt  names,  inarkiag  E  Tiorih  or  iovlk,  like  the 
greatest  of  the  two  anelee  B  or  Z.t 

9.  Put  the  sine  of  E  in  Col,  3,  and  tlie  sum  of  the  two  last-written  loguritiiius  of 
Ccd.  3  (rejecting  10  in  the  index)  is  the  sine  of  the  latitude,  of  the  sunie  name  as  E. 

If  the  time  of  observation  wen  required,  it  mi^t  be  foimd  by  the  following  rule, 
KiU  UHiug  Table  XXVIL:— 

Rdi,e.  Add  the  tangent  of  C  to  the  secant  of  E ;  the  sum  (rejecting  10  in  the 
index)  is  the  tangent  of  an  angle.  Take  out  half  the  corn^siwiidrng  time  in  Cul. 
P.  ItL,  (or  b  CoL  A.  M.,  increased  by  13  hours,)  and  tliis  will  represent  the  homry 
distance  of  the  object  Irom  the  meridian  (upper  or  lower)  at  the  middle  time  betwefu 
the  two  observations.  Take  the  sum  and  dinerence  between  this  and  half  the  elained 
time,  or  hour  angle,  and  they  will  be  the  hours  and  minutes  distance  from  the  merldiaji 
corresponding  to  both  observadons,  expressed  in  apparent  solar  time  if  the  sun  tie 
observed,  sideral  time  if  a  star  is  observed,  &c 

■     EXAMPLE   I. 

B  declination  wak 
,  D  the  ibrenoon,  the  sun's  correct  central  nitlciide  wul 
46°  55f,  and,  at  ll**  xT",  per  watch,  in  the  forenoon,  the  correct  central  altitude  was 
54°  y ;  required  the  true  latitude. 

Subtractbg  10'  2°>  from  11"  27-  gives  the  elapsed  time  1'  25". 


Coi.  1.  Coj»  2. 

EL  time  [p.m.]  I'SS",  Coeec.  10.73429  j 

Declination  IJ"  ir  N.   Sec.  10.00848  1 

A Ooaec  10.74277    Co«no    9Sm78 

jsum«lt&  50  33..Godne  9.60830    Cosoc.  10.11239 
JdiSaltK     3  37    ...SiDe  8.79B90    Secant  10.00087 

C Sine  9.345B7     Carine     9.98905 

[iiHibu,w,^H.D.a.itoiwbirf*dUi.|  Secant  10.09509 


Co^  3. 

Cosec  10.70850 

Cosine    9iKJ278 

B  ll'38'N,Cosec.  10701^ 


...Cosine    9.98905 

Z36  33  W. 

|E<M«.fs.>,ii<>rtk.«.no»i«^r»UM'.<W.rM.^.l  'e48  01N.   Sine    QJlTll!) 

Latitude  46  27  N.   Sine    gJcoa-l 

If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would  have 

been  36*°  33'  S.,  and  E  =i  25°  ff  S.,  whose  sine  9,6S730,  added  to  cos.  C  9.981)05, 

gives  the  sine  of  the  latitude  9.6163.'!,  con'espoiidiug  to  24°  25'  S. 

In  the  Aral  case,  (in  nortli  luiitude.)  the  tangent  of  C  9.3.'i<)82,  added  to  the  secant 
E  10.17463,  f^ves  9.53145,  which,  In  the  tangents,  corresjinnds  lo  2"  30'°  12*,  nearly, 
whose  half^  1'  15'"  6',  is  the  time  ol'  the  middle  observation  fi-om  noon  ;  ad<ting  and 
subtracting  half  the  elapsed  time,  42"  30*,  gives  the  times  of  the  observations  from 
noon  1"  57-  36"  and  0*  38"  36'. 


•  Tbe  cMincj  of  A  ii 

•Kb  eunpla  Iram  17  Ld 

t  In  abietvaiiant  or  ti 

Wbin  ihe  olijecl  paisei 


Br  of  logarllhnu 


ih  be  fnnh  of 

■.  bul  (ouM  if  Ibe  unilh  he  then 

loutb  of  ihe  • 

e  nonh  o,  lou 

e  wkcied  wh 

ai.d  Lhi<  eiiiB  labor  i.  very  ,mt.\\. 
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At  sea,  in  the  latitude  of  47°  W  N.  hy  account,  when  the  smi'k  declinKion  hm 
12'  IS  N,  at  10*  24~  A.  M^  per  watch,  the  auu'e  correct  central  altitude  noa  4i>°  9  \ 
at  I'  14°  P.  H^  per  waioh,  his  correct  central  aldtudn  was  51°  SS' ;  required  the 
laQtude. 

Subtracting  10*  34"  from  !'•  14"  increaaed  by  13",  leaves  the  elapsed  time  3"  50~. 


El.li 


ie[p.if.]3''50- Coaec  1044077 


Declination  12°  16"  N.  Sec  lOj 

A Coeec.  1045080 

i  sum  aita.  50  34  .  .Cosine  9.80300 
idiSalift  I  as. ...Sine  8.38310 
C Sine    a64680 

II  Iw  Itea  *!•  ud  K.  «  ■.,  tta  bHi<i«  If  Balk.] 

IE  i>  iM -M  >(  B,  I,  ir  >r  u  «»  •«>  I  <tf«iH  ir  •! 


Coi.a 

Cot.  a 

Coeec  10.67373 

Coaine    9.970e» 

Cosine    957089 

CoMc  10.11318 

B  13=W  NX:oeec  10JJ4361 

Secant  laOOOlS 

fN^rS-fuTiSTT 

Corine    9.99958 

Cosine    9J9958 

Secant  10.08378    Z34  16N. 
wn«i»]              E47  34N.  Sine     9.86694 
Latitude  47 SON.    Sine    9.86653 

sed  the  meridian  to  the  north  of  the  oboerver,  Z  would  hare 
e  9.S5695,  added  to  eoeine  C  9.99958,  gives 


If  the  aun  had  passed  the 
been  34°  Iff  S,  E  :=  81°  Oi 
S^StSa,  the  sine  of  the  latitude  31°  T  S. 

If  the  obeerred  otiject,  in  this  example,  had  l>een  a  fixed  star,  mth  the  same  dech- 
DHtion  13°  16'  N.,  the  same  altitudes  49°  9",  51°  59*,  but  the  elapsed  lime  S"  49"'  33', 
:lie  calculation  would  have  been  exactlj  aa  above.  For,  by  adding,  according  to  the 
.ule  in  page  176^  the  correction  in  Table  LI.,  38*,  to  tieduce  it  to  aideral  tiiiie,  w6 
sliall  olitaio  the  corrected  elapsed  time,  or  hour  angle,  3*  SO",  and  ever;  part  of  the 
woric  will  be  as  above. 

If  the  ulanet  VeouB  had  beeu  observed,  at  the  same  corrected  alcitudea,  on  the 
13th  of  Merch,  1836,  in  a  place  where  hie  declination  at  the  middle  time  between  the 
tiso  oheerrallons  was,  by  the  Nautical  Almanac,  13°  Iff  N.,  end  the  e1ai>i«ed  tinie 
2"  SO""  IXi'^  the  calculation  would  alill  be  the  same.  For,  by  the  Nautical  Alma- 
nac, it  appeBTS  that  Venue  pasaes  the  meridian  on  the  13th  and  14th  of  Mnrch,  at 
2"  27"  13'  and  3'  27"  43'  rospeclively,  increasine  30',  bo  that  the  interval  of  two 
successive  transits  is  34'  00°  30*.  Then  saying,  Aa  this  interval  is  to  34'',  so  is  the 
elapsed  time  3>  50"  03*J  to  the  corrected  elapsed  time,  or  tuna-  aagfe,  3''  50"  00*, 
which  la  to  be  used  as  above,  all  the  rest  of  the  work  being  the  same.  We  may 
proceed  in  the  same  maimer,  if  the  moon  tie  observed  at  a  time  when  the  declination 
varies  but  little. 

EXAMPLE  III. 

Ueinj  at  sea,  in  latitude  50°  40*  N.  by  account,  when  the  bud's  decUnation  was 

30'  0'  S.  at  10°  17"  A.  M.,  per  watch,  the  suu'a  eorrect  centml  olllCude  tvaa  found  to 

be  17°  13",  at  11"  17",  per  watch,  the  correct  central  altitude  waa  Ibimd  to  be  19°  41'; 

required  the  latitude. 

Subtracting  tC  17"  from  11^  17",  gi*«s  the  elapsed  time  1". 

Coi.  2.  Col.  3. 


El.t 


Coi_  1. 
ie[i>ji.]l*0'",  Coeec  10;88430 


Declination  30°  00- 8.  Sec  10.02701 

A Coeec  1051131 

i  sum  alts.  16  37  Cosine  957706 
4  difC  alts.  1  14  . .  .Sme  8.33292 
C Sine    9.32131 


Cosine  959670 
Cosec  1049966 
Seeaut  10.00010 


Secant  1049036 


Cosec  1046505 

Cosine    959670 

B20°10'8.  Cosec  1046365 

Conne  959390 

Z71  08  N. 
E50  58N.     Sine    9.89030 
UliUideSOOON.     Sioe    9^8430 
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If  tbe  fUD  bad  pawed  the  meridian  la  the  north  of  the  observer,  Z  would  Imra 
iMeu  71°  08*  9.,  aod  E  ==91°  18'  R,  wbcwe  aiiie  9il9<J8!),  added  to  9J)U3UQ,  ^ves  the 
Hiie  or  the  latitude  ^99379,  correBpooding  nStPWa. 


EXAMPLE  IV. 

Being  at'aea,  in  the  latitude  of  60°0'  N.  by  account,  when  the  flun  wu  on  tba 

equator  [or  had  no  declination)  at  1*  0"  P.  M.,  per  watch,  his  correct  central  altitude 

was  38°  SS*,  and  at  3'  0°=  P.  H.,  per  watch,  the  correct  central  altitude  was  20^  IStf , 

required  the  true  latitude. 

Cok  h  Goi.  8.  Col.  a 

El.tlme[p.M.]SkO-,Coeec  1058700 

DectinatioD  0. Secant  10.00000 

A 15P0O'  Coeec  10.58700 

i  eum  alts.  34  47^  Coaiiie  9.95801 
idiSalta.  4  51  Sine  6.85910 
C Sine    9.39841 


Coeioe  9i)8494 
Cosec  10^)7745 
Secant  lOJWllO 
Coeine  9il85M 
Secant  10.34943 


[CoMc.  b^nSt.] 

[Coeine  9.984M] 

B 00^00'    [Coeec  'fnfimte.] 

Ceaine  9.96594 

uki  Secant  HiJ4ll43    Z  63  86  N. 

Vb^»^B,i,ir<iia.«...«,<lfto*w,u^.rilfbw„,mi  E6a  26  N.    Bine  9.95154 

Latitude  59  59  H.    Sine  9.93748 

The  calculations  would  hare  been  the  lanie  for  south  latitude,  which  woutd  be 
SSf  59*  S.  The  comiiututiou  of  A  and  6  might  have  been  dispen^  with,  for  when 
the  declination  is  notliiug,  B  ie  nothing,  end  A  is  equal  to  hall  the  elsfised  tune  (1') 
turned  into  degreeit  by  Table  XXL,  being,  in  this  example,  15° ;  in  tins  case,  oil  tlie 
togurithins  included  between  the  bmcketa  []  tnay  1m  omitted. 

Ill  the  preceding  examples,  both  altitudes  were  supposed  to  be  taken  at  the  same 
place  or  atutioii ;  but  as  thai  is  seldom  the  case  at  sea,  the  nec«asary  correction  for 
imy  change  of  place  must  be  made  in  the  following  manner : — 

Let  the  bearing  of  the  sun  be  observed,  by  the  compass,  at  the  instant  of  the  fint 
obaei-votiuii ;  take  the  number  of  points  between  that  bearing  and  the  ship's  course, 

Snrrecieit  fbr  lee-way,  if  she  mskee  aiiy,)  with  which,  if  less  than  eight,  or  with  what 
wania  of  sbiteen  jmiucs,  if  more  than  eight,  enter  the  traverse  table,  and  take  out 
the  difference  of  latitude  correaponiling  In  the  disiance  run  between  the  observations; 
Add  this  difference  of  latitude  to  the  first  aJtimde,  if  the  number  of  points  bt^lweea 
the  sun's  bearing  and  the  ship^  course  be  lees  tlisn  eight;  but  (uifrod  the  diflerence 
of  latitude  from  the  first  altitude,  if  the  number  of  points  L>e  more  than  eight,  and  that 
altitude  will  be  reduced  to  what  it  would  have  been  if  observed  at  the  same  place 
where  the  second  was.*  This  eorredtd  altitude  is  to  be  used  with  the  second  obterttd 
altitude  in  finding  the  latitude  by  the  above  rule.  The  latitude  reeuliing  will  be  that 
of  the  ship  at  the  time  of  taking  the  second  altitude,  and  must  be  reduced  to  noon  by 
means  of  the  log. 

EXAMPLE  V. 
Id  a  ship,  running  N.  by  E.  |  El.  per  compass,  at  the  rue  of  nine  knots  per  hour, 
at  10'  0*>  A.  M.,  per  walch,  the  sun's  correct  cenual  altitude  was  found  to  be  13°  18', 
bearitig  3.  t  E.  by  compass ;  and  at  I*  40°  P.  M.,  per  watch,  the  sun^  central  altitude 
w«s  found  to  be  14°  15' ;  the  latitude  by  account  being  49°  IT  N.,  and  the  eua'i 
dedinaljon  23^  98*  S.     Required  the  true  latitude. 


u  obterviuion,  at 
mm't  alliude  13°  18',  and  ihe  itei 


i  ohaerver  11°  4 

ilnpsed  lime  found  fay  boib  abtenen  would  be 

>i  u  wppoaed  lo  b«  al  mi,  sad  I'ii  oSMrvuion  re 
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W  KHD  THE  LATTTDDE  BY  DOUBLE  ALTITUDES. 


T%e  aimction  to  Otefinl  aUitude. 

The  time  elapaed  between  t)ie  oEiaervUioiiB  was  Sf'  40",  aiid  in  thai  time  the  ahip 

niled  33  miles  uiK)u  the  course  N.  by  E.  i  V,^  which  maltcB  an  angle  of  131  ]>oiiil> 

with  the  sun's  bearing  ul  the  finst  observation  9.  }  E^  the  comiilemenl  of  wliir'i  lo  16 

Eints  is  2i  poiiiis.  Now,  in  TsJilt;  L,  ttie  course  ^i  poinu,  nnd  dtstance  lEt",  give 
mik'3  difference  of  latitude,  which  must  be  sublracted  from  clje  ficst  altitude 
13°  IS*,  liecaiise  llie  ship  sailed  above  eight  points  from  [he  sun ;  therefore  the  lirM 
eltttude  corrected  will  be  1S°  49',  which  must  be  uaed  in  the  rest  of  the  work. 


Coi-  I. 

El.time[p.M.]3'-40-",Co«iec  10.:B559 
I)eclinationa3°28'aSec  10.03749 

A .Coflec.  10.37:J08 

i  sum  alts.  13  33  Cosine  9.96777 
i  ditr.  Dlts.  0  43  .  ..Sine  8.09718 
C Sine    Rt5903 

I*  IH  Ibui  n>*,  uil  N.  or  a.  Ub  livlot  nl 


Col.  A 

,...Co«c  105S»88 

Coxine    SStSm 

BSff'OS'S.Coaec.  IOJC69a 

CowuB  9JW98S 

Z  75  01  N. 

E48  5fi  N.     Sine  9.87734 

Latitude  46  54  N.     Sine  fl£7716 

If  ihe  sun  had  pnsBed  ihe  meridian  U  the  north  of  the  observer,  Z  would  have  1)een 
7S°  01'  S.,  and  E  =  10]°  OG'  S.,  whose  sine  9.99180,  added  to  9il99e3,  gives  the  sine 
of  the  luiiiiide  9.991G3  corresponding  to  78°  47'  S. 


Col.  3. 


Cosec  10.68076 
Secant  10.00003 
Cosine  9.99962 
Z  Sec.  10.58765 


EXAMPLE  VI. 

Sailing  N.  E.  i  E.  by  compass,  at  ihe  rate  of  nine  knots  nn  hour,  at  0^  31"  40^ 
P.  M„  |ier  walcli,  the  altitude  of  tlie  sun's  lower  limb  was  28"  SC  ubnve  the  horizon 
of  tlie  sen,  the  eye  l>eiL)g  clevnted  twenty  feet  above  the  surtiice  of  the  wuter,  and  the 
Mill's  bearing  by  coini)aB8  9.  by  W. ;  and  at  Z*"  56"  20*  P.  M.,  by  wati'b,  the  nititud* 
of  ih!^  huii'h  Iowit  limb  was  16°  41'  above  the  horixou,  tlic  eye  ))eing  clevnteil  na 
hclSin:,  tliL'  latitude  by  account,  at  the  time  of  the  last  olw.irvation,  48°  0*  N^  and  Die 
ttecliniition  Iff  IT  S.    Required  the  true  latitude  at  taking  tin;  lust  observntion. 

TiiB  correction  of  these  altitudes  for  semidiameter,  uandliix,  and  dip,  was  twelve 
Uiilcs,  {additive,)  whidi  makes  Llieni  38°  aH,  and  16°  5;}'.  Tlie  rttfnictlon  corre- 
■poniliiig  lu  llie  fini  was  2  mileii,  and  for  tbu  second  3  miles :  iu>d,  >>y  siilitnirting 
tliesc  qniintitii'B,  we  have  the  irue  cenirul  alliliiiles,  SS°  30',  and  Ili°  50'.  Now,  the 
Blajised  time  liutween  the  olmervatiotis 

twcniy-two  miles  (at  nine  miles  {mi  lioi    ,  .... 

*liK  bearing  of  the  sun  at  ihe  first  oliservatitni  B.  by  W.  being  I2j  poiiils  disUiin  from 
ilie  ship's  rourse ;  .ind  no  131  ))ointB  want  3i  of  16  {H>iijis,  we  must  enter  Table  I., 
nml  HikI  the  eouran'.li  (iniiibt,  and  distance  ^  eorresjinndinu  u\  which  in  ilie  Iniituds 
coliniMi  ts  17  niiles,  which,  ivein)!  subirncted  from  the  firHt  altitude  3ri°  '.iO',  leaves  the 
corrcrtecl  timt  altinide  'iA"  13' ;  with  this,  and  tlie  itecoiid  altitude  16°  SO',  tlie  latitude 
is  found  in  the  tollowtng  manner: — 


Cot- 3. 


Col.  a 


Cou  I. 
El.time[p.M.]3»ai"40',C<mec.  10-')0233 

Dei-linntion  I3°17'S.  Secant  10,01178  Cosec  10.(53871 

A Cosec.  10.51410 

i  Bimi  altH.  23  3lj  .  Cosine   dimSi 
i  iiff.  alts.     5  Hi  ...  .Sine  9.mm 


Coshio  9.!l78fll 
Cosec  10.41670 
Secant  10.00315 
Cosine  9im)62 
Z  Secl0J17708 


Cosine   iiJt78»l 

B  I3°58'S.    CoMfic.  10.61732 

...Cosroe  9.979ea 

Z  65  II  N. 

E  51  13  N.       Sine  9.89163 


Ladtude  46  0;i  N.       Sine  9.87 14S 


TO  FIND  THE  LATITUDI::   JIV    DOUBLE  ALTITUDES.  16$ 

IT  the  Min  bad  pasaed  the  meridian  to  the  north  of  the  obaerver,  Z  would  have 
je«i  63'  11'  a,  and  E=W  Off  a,  whose  «ine  0.99317,  added  to  coMneoTC  9.979G9L 
giTM  the  une  of  the  latitude  9J)7179,  cone^Kuidiug  to  69°  34'  S. 


EXAMPLE  TU. 

[Suae  u  Dr.  Brinkley'i,  b  ihe  Noiiiiail  Aliouu  Tor  1900.) 

Th«  latitude  by  account  6°  Sff  N^  mm'a  dBclination  5"  W  N.,  the  wid'b  con 
central  altitudes  35°  31',  and  70°  01',  elapsed  time  beiwet-u  the  obeervaiioDB  2>  2i 
required  the  latitude,  the  aun  pomog  the  uieriiliau  aouth  of  the  obaurver. 


Ei[ime[rjf.]3^20>Cawc  10.5^186 
DediiiatioD  SfaVN.  Sec.  10.00300 


Coiec  11.01843 

Cosine    9.970631 CotJne   9.97^63 

CoBM.  16.09947   B  5°46'N. ..  .CoMec.  10.99S05 
Secant  10J3a018 1  1%*^  JYu^fdiTT' 

CoMue   9i)017Q  I Cosine   9i«)170 

Z  Sec  10.0009?   Z  350  N. 

^..itfi««.i         E9J«  N Sine    9.2231] 

Lat  7  38  N. Sine   9.12381 

If  the  nun  bad  pasaed  to  the  iiMridien  iwrth  of  the  olnerver,  Z  wnnld  hare 
been  ;)°  SO*  S^  and  E  =  1°  56'  N.,  wlioee  sine  aSSdlO,  udded  to  the  cosine  of  C 
9^1170,  is  a43980,  which  is  the  noe  c^  the  other  latitude  1°  3*^  N.,  bo  tliai  in  this 
ezample  both  latitudes  are  north. 


SECOND  METHOD 

Of  finiUng  the  latitude  by  double  attitudes  of  ike  sun,  when  the  variation  of 
Aiclination  is  neglected. 

This  method  of  linding  the  latitude  depends  on  a  set  of  uUiles  (marked  XXIII^  in 
this  eollecliuu,)  Unt  prepared  by  Hr.  Douwes,  containing  tliree  logariihtus,  titled  half 
dapstd  time,  middlt  &iie,  and  tog.  rising.  The  iwo  Ibniier  otk  arr:ingcil  logi;lliGr  aa 
fiir  OS  HiK  hours ;  the  latter  is  placed  at  the  end  of  the  tahle,  aiul  in  extendeil,  in  tlie 
present  edition,  as  fiir  us  rweke  hours.  The  tnhle  with  tlie  |iro(>cr  tille  must  he 
entered  at  the  top  with  the  hour,  at  the  side  with  the  minute,  iind  in  the  column 
iriarlted  at  the  top  with  the  seconds;  the  corresponding  number  will  be  the  nought 
logarithm,  to  whii:li  iiiiist  be  prefixed  the  index  of  the  log.  under  0"  in  the  same 
hnrizontal  line.  Thus,  to  the  time  3'  53'°  10'  correspond  the  log.  half  eliiiiscd  time 
0J)7138,  log.  middle  time  5.33965,  and  log.  rising  4.67374.  in  general  it  will  be 
sufficiently  exact  lo  inlie  these  logarithms  to  the  pearen  10  seconds,  imrticulurly  when 
the  Sim's  zenith  distance  ie  great ;  but  if  the  log.  to  the  nenrest  second  is  required,  it 
may  be  found  by  taking  the  difierence  of  the  tabular  logarithms  corresiraiidiiig  to  the 
next  greater  and  nen  less  time,  and  saying,  As  10"  is  to  that  difference,  so  are  the 
(Hid  secniids  of  time  to  the  correction  of  tlie  first  tabular  ln)!nrithm,  additive  if 
incrGasiiig,  aubtractive  if  decn:aaing.  Thus,  if  the  log.  half  etH|>ntNl  time  cnrresjiond- 
ing  to :('  ^i"  J8'  were  required,  the  logs,  corresptmding  to  3''  5Q"'  10'  and  3"  Si"'  20' 
are  0.U7138  and  0.07119,  whose  difference  is  19;  then  10*:  19::  8':  15;  this,  siib- 
tncietl  from  0.071:38,  leaves  0.07133,  the  sousht  logarithm.     By  inverting  the  pruceaii 


I'othe  log.  secant  ofthe  latitude  by  account  (Table  XXVn.)  add  the  log.  secant  of 
tbe  smi's  decftnHtion,  (Table  XXVII.,)  rejecting  10  in  each  index ;  the  auin  ia  to  Im 
ealM  the  log.  ratio. 
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18ft  TO  FINU  THE  LATITUDE  8T  DOUBLE  ALTITUDES.- 

From  the  nature!  sine  of  the  greatest  altitude  (Table  XXIV.]  Mibtrsct  the  nalura] 
BtDB  of  the  least  altitude,  {Tsble  XXIV. ;)  fiod  the  logarithm  ■  of  their  difTertsnve,  (in 
Table  XXVL,)  and  place  it  under  the  log.  ntio. 

Subtract  the  time  of  taking  the  first  olwervation  from  the  lime  of  taking  the  aecoud, 
having  previously  increased  the  latter  by  twelve  hours  wheu  the  obsBrvations  are  on 
diflereni  aides  of  ncran  by  the  watch ;  take  lialf  the  remainder,  which  coll  half  tlia 
elaiMed  time. 

With  half  the  elapsed  time  entnr  Table  XXIIL,  and  from  the  column  of  half 
alt^wed  time  tak«  out  the  togwitbni  eocweriDg  thereto,  and  write  it  uudar  the  log. 

Add  these  thr«e  logaritbros  together,  and  with  then:  sum  enter  Table  XXIII.  in 
tiie  colunm  of  middle  time,  where,  having  found  the  logarithm  neoreat  thereto,  take 
out  the  time  corresponding,  and  put  it  under  half  the  eupsed  lime.  The  difiereoce 
between  these  times  will  be  the  time  &om  noon  when  the  greatw  altitude  was 
^en. 

With  'Jiis  lime  enter  Table  XXIII.,  and,  from  ttie  cohtmn  of  tog.  rising,  take  out 
the  lagaiichm  correHpouding,  from  which  logsrithm  auhtract  the  log.  ratio  ;  tho 
reinauider  will  be  the  loganthm  of  a  natural  number,  which,  being  fbuud  in  Table 
XXVI.,f  Bud  added  to  the  natural  sine  of  the  oreater  altitude,  will  ^ve  the  natural 
cosine  of  the  sun's  meridian  zenith  distance,  which  may  Ik  found  in  Table  XXIV. 
Hence  the  latitude  may  be  obtained  by  the  rules  of  pages  166,  167, 


1-  Ifthis  computed  latitude  ^ould  differ  considerably  from  the  latimde  by  accouitt, 
It  will  be  ]iro|>er  to  repeat  the  operation,  uang  the  latitude  last  found  instead  of  the 
latitude  by  account,  till  ihe  reeult  ^ves  a  latitude  nearly  agreeiug  with  the  latitude 
used  in  the  computation. 

2.  Thia  methoif  jb  best  suited  to  situations  where  the  sun's  meridian  senith  distance 
is  not  much  iesK  than  half  the  latitude ;  fbr  in  latitudes  where  the  sun  approaches 
Dear  to  the  zenith,  Ihe  observations  must  be  taken  much  nearer  to  noon ;  and  the  pre- 
ceding rule,inBteadof  approximating,  will  in  some  cases  give  tho  results  of  successive 
operations  wider  and  wider  from  Ihe  truth.  To  nmedy  this  difficulty,  a  set  of  tables 
was  publislied,  by  Dr.  Brinkky,  at  the  end  of  the  Nautical  Almanac  n>r  1799;  but  the 

Kent  rariecy  of  cnaea  incident  to  his  method,  wilt  binder  it  from  bciDK  generally  used. 
atead  of  Dr.  Briidilcy'B  method,  we  may  generally  use  (he  method  of  arlthmelical 
computation,  called  DoabU  Potitvm,  which  will  frequently  give,  in  a  more  ainiple 
manner,  the  required  latitude,  as  will  be  shown  in  Example  X. ;  and,  in  general,  it 
may  be  observed,  that  where  Douwes's  rule  doss  not  approiimate,  the  object  ia  moat 
commonly  so  situated  as  not  to  furnish  the  necesaory  oTMervationa  to  obtaiu  a  correct 
latitude,  wbaiever  method  of  compulation  might  be  used. 

3.  The  operation  is  the  same  wlieiher  the  sun  has  north  or  south  declination ;  and 
also  whether  the  ship  is  in  north  or  south  latitude.  When  the  sun  has  no  declinatioD, 
the  log  secant  of  the  latitude  (rejecting  10  in  the  index)  will  be  the  log.  ratio ;  and 
when  the  latitude  by  account  is  nothing,  the  secant  of  the  declination  [rejecting  10  in 
the  index)  will  be  the  tog.  ratio.  This  rule,  as  well  as  the  former,  is  Ibunded  on  the 
supiiosiiion  that  the  declination  is  t^ken  for  the  middle  time  between  the  obaerva- 
tions,  and  that  it  does  not  vary  during  the  elapsed  time,  which,  however,  rarely 
happens,  and  a  correctioD  ought  to  be  apjilied  to  the  latitude  on  this  accounL  But 
thia  correction  is  generally  sinall ;  and  it^  it  is  large,  the  third  method  must  be  used ; 
Mtd  when  lh«  dechnatioiis  difier  very  much  from  each  other,  we  must  use  the  /ourU 


■  Tba  iadei  ol  ihii  lonrilbi 
<fiBi)reD«  of  '     ' 


a  at  ihii  logarilbm  Mag,  u  luu*],  one  leu  than  ihi  numlHir 
Lhoa  DUuril  linn ;  ^iMrvin^;,  alio,  ihai  tba  alLiLudei  u 
1m  j    ihu  'u,  Ibe  abasrvad  sIuUhIm  eonecwd    for  dip,  m 

Takiif ,  ai  MMiaJ,  a  munbcr  oT  Sfum  equal  ui  the  indu  of  thai  losvilhm  incirSMid  by  jaity 
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TO  rum  THE  LATITUDE  BT  DOUBIJ:  ALTI'XUOEa 
EXAMPLE  VIII, 

lUuM  u  ExAXrLi  I.,  pn^ceding.] 
t,  when  tl 

_....,.._ Direct  cen 

t  11^  S27~  in  tlie  roranoou,  bis  correct  central  altitude  wu  54°  !   . 
tne  latitude,  and  tnie  dnoe  of  the  day  when  the  greater  altitude  was  takeu. 

lima.  m.    JfM.Si.    Utbyac4s.....4e'30' Sec.  0.16219 

Sobeer.  ll'Sy-OO-    M'  Q"    81055    Dec. 11    17 Sec  0.00648 

iobfler.  10     a     0     46  55     73036    Log.  ratio aiTOS? 

Elap.iinw        1   S5     0  m  »«.  ki.s  8019    Log.  dim  NaL  Sines 3.90413 

lelap.tiine      0  43  30  Log.  j  elap.  timo 0.73489 

Middle  time 1'  15- 10*     4.80908 

i  ela[h  time 48  30  

2 ofas.  from nooa .    0  33  40     Itilog.riiriDK a00608 

Log.  ratio  Hib. 0.17067 

NaL  numb.  685. . .  .correipoDdiDg  to  log.  3.B354I 

Nat.  sine  greataat  alt. 81055 

euin  IB  nu.  codna  ©'a zcn. dwL  81740.. .equal  to  3S°10'  N. 

0*a  decliusrioD H  17   N. 

LaLiD 46  37  N. 

The  ktitude  46°  37'  (diffisring  only  3"  (hmi  the  latitude  by  account)  may  be  awumcd 
aa  the  true  Jatituite. 

By  raeam  of  the  time  of  the  eecond  obaerration  (torn  noon  above  found  33"  40", 
the  enor  of  the  watch  may  be  found ;  for,  in  the  present  examjile,  by  subtracdng 
33"  40*  from  13',  we  have  the  time  of  the  second  obeervation  11"  37"  SO'j  but  the 
time  of  the  watch  was  11'  37"  0*;  therefore  the  watch  was  iweuty  seconds  too  slow; 
a  small  difTerence  would  be  found  in  thuse  numbers,  if  we  were  to  pmuonion  the 
togarithmhor  Tnhle  XXIIl.  U>  seconds  In  the  saiae  manner,  the  error  or  the  watcb 
may  be  found  in  the  fallowing  examjiles.* 

EXAMPLE  IX. 
(Sbum  u  ExAHrLE  v.,  bcfora  pvoi.] 


the  true  latitude. 

3  obser.         13"  40" 

M.      JVai.a.    Lat-byacc... 

..49°  17'.. 
..S3  38.. 

...Sec  0.1B5M 
...Sac  0.03749 

1  obser.        10     0 

0      13  49      2SI83    Log.  ratio  . . . 

0.39308 

Elap^time     3  40 

0  D>£  naL  sL  3433    lislog. 

358536 

jeUf>.tin]e    1   50 

0                                 Itslog. 

, 0.t«59 

Hid.  time       0  10 

aiM458 

.^.ta.H.,  1   39 

50  its  log.  in  coL  of  rising  is.... 

3.97028 

5538  Nat.  number  of. . . 

,..L<%.  a74725 

>e  greatest  alt 34615 


W**  TO   FIND  THE   LATITUDE   B?   DOUBLE   ALTITUDES. 

But  01  the  latitude  by  computation  differs  nonslderably  from  that  by  accouiR,  tlia 
work  must  be  reueuted. 

Ul  Iom  found. . .  48° 57' . .  .Sec.  0.iaK9 
DecUoation 83  2(1  ...aBC.  0.U374E 

o.aaon 

ie24»i Its  log.  038596 

I  elajwed  lime I'WO*     lU)  log.  UJXI.iSa 

Miadleiiiiio 0   10  0     Iialog. 3JM166 

Tinx:  from  DOOD 1   40  0 


Log.  rati< 


Nat  number  of Log,  3.75159 


TruB  latitude 48  55  N. 

This  latitude  (differing  only  two  miles  from  that  which  is  used  in  the  computation! 
ntay  bu  deifendad  upon  as  the  uve  latitude  of  the  ship,  at  the  time  of  tJie  secona 
observation.  If  ihp  nrst  ahitude  had  not  been  corrected,  the  computed  latitude  would 
have  been  fouad  =  46°  40'  N. 

EXAMPLE  X. 

[Same  u  Exahfli  VII.,  b«fon  givM.] 

-  The  latitude  by  account  6°  30'  N.,  sun's  decliuauon  5°  SO*  N.,  the  s 


Making  the  calrulations  with  the  latitude  by  account  6°  3D',  the  computed  latitude 
oy  the  flrst  o|>erntion  will  be  8°  l&.  Keiienliiig  the  o|ieratkin  with  the  latiltide  8°  I&, 
Ibe  sL'ciind  oiMrBtioii  will  give  7°  10'.*  This  mum  be  used  for  a  third  operation ;  and 
l^  re|>eHtiiig  the  eulciilaiion  aiTuralely  to  secoiidt),  it  will  renutre  more  than  a  dozen 
Operaiiuns  to  obtain  thu  me  latitude  7°  IIS,  which  was  fiiund,  by  the  first  loelhod,  by 
a  siiitrlc  <)|H'ratioii.  l>r.  Brinkl«y  inude  the  latitude  7°  30*,  ditTeriuK  ff  from  a  strict 
Otlctilaiioii  hy  spherical  trigonometry.  The  detail  of  this  calculation  is  not  here 
given,  but  is  lel^  lu  exercise  the  learner.  The  object  of  the  present  example  t»  to 
■how  how  Ihi'  uuuilier  of  opc-ralk>ns  might  be  decreosuil  by  the  arilhmelicid  method 
of  liouUc  petition  lieJbre  mi'iuioiied. 


B"30'  Y  lOe^zB/fflff 
8  16  A    6fi  =  4!»  00 

172  )  13^  16  ( T-  33'. 


Take  till'  nror  or  di^ereuce  between  the 
first  a>!iiuiue<l  liiiitiide  6°  [iff,  and  tlie  first 
cotiipnicd  latitude  8°  10,  equal  to  lOfV ;  also 
tlH!  error  or  'lilicn-hce  between  the  second 
assimieil  Isliliido  t^  Ifi',  and  second  comput- 
ed  latiE.ule  7°  lO*,  which   is  m.     Muhiply 

tliein  troisieiae,  as  in  the  adjoined  acheme,  acconunv  lu  me  usuai  ruie  oi  aotune 
poMlion;^  dividing  the  sum  of  tlie  products  1305°  IC,  by  tliu  sum  of  the  ermrc  173, 
eives  Ilie  eiirrccttd  latitude  7°  35'  N.  The  turn  of  the  products  is  taken  in  this  cose, 
Itccause  one  of  the  assumed  latitudes  was  /crailer,  and  the  otiier  las,  tlian  its  corre- 
sponding ramputcrl  latitude.  If  lioth  computed  laiitudes  had  bKen  grtater,  m  iKHh 
Uts,  than  the  com'spondiiig  assumed  latitudes,  the  difffrenixs  of  the  errora  and  of'  the 
jiroducts  oiifrht  to  have  l)eeti  taken.  It  will  rarely  hajipeu  lliat  more  than  one  pro- 
Gc:a  of  tliiH  kiiul  will  lie  reijiiin^d  to  give  a  correct  retmlL  In  tlie  present  insiaiice, 
however,  it  ivill  be  nerosaary ;  for,  by  rriMniine  the  ojiemtion  with  the  essiiniei) 
hlilude  7°  :vy,  the  resulting  ^r(iin])iited  latitude  is  7°  4U ,  and  the  lliird  error  6i'. 
Xegieating  anew  the  coinpntitt'on,  with  this  and  the  aeconil  Intituile  8°  \IY,  and  second 
etror  ('0,  (he  rorndting  lalitnile  is  7°  ffl',  the  same  as  was  (bund  by  the  direct  compu- 
tation by  the  firel  [iietliotl,  olid  as  accurately  as  could  tie  obtained  by  repeating  the 
vperations  about  fourtneu  times  by  the  second  method. 

In  general,  when  such  a  birge  number  of  operationa  are  inquired  to  produce  a 
rorrect  result  il  ie  a  sure  proof  tiial  the  situation  of  the  object  is  not  well  adapted  to 

*  Slighi  dineirnm  will  he  Toiind  In  iheie  rBlculalloni,  by  osing  InEBriltinu  lo  aeveaplaea  ofSgiint, 
and  mftkine  'lie  c  almlaiinu  Krruraidj  Id  secHi:-'- 
I  U  Uie  dvgrea  of  bulb  lauiuda  are  ilike,  I 
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obtnin  an  accurate  latitude ;  and  it  would  be  lost  Inbor.  and  lead  to  (rreat  [itimakea,  to 
attempt  tt.  Thus,  in  the  preaent  example,  if  the  freateat  dtiliide  liad  bettn  dKCreiisna 
only  ly  42",  making  it  69=  4^  IS",  leaving  unaltered  the  other  altitude  m°  21',  niid 
the  interval  2"  SO",  the  latitude  of  the  place  of  obeervntion  would  be  U,  (or  uiidar 
the  equator,)  aa  ia  eaaily  proved  by  conipultng  the  altitudea  of  the  buii  for  the  times 
1'  17"  SCfS,  and  3"  37"  SO-^  under  the  equator,  when  the  declination  is  5°  30"  N, 
jj  the  rulea  hereaner  given.  Hence  it  appears  that  a  change  of  13'  43"  in  the 
greatest  altitude,  would  alter  the  computed  latitude  from  7°  38"  to  0°,  wliicli  riiakea 
an  error  of  one  degree  of  latitude  for  an  error  of  1)  miles  in  that  aliiiiide  ;  and  im 
errors  in  the  altitudea  of  this  magnitude  are  easily  committed  ai  sea,  even  liy  very 
good  ohHerrers,  it  shows  very  clearly  tbe  defect  of  the  method  of  double  altitudes 
when  the  sun  approachea  near  to  the  zenitb.  This  does  not  arise  from  any  <li!fe(^i  of 
the  method  of  computation,  but  is  an  inherent  defect  of  the  method  itself,  ivhicli  no 
pnrocess  of  spherics  can  remedy ;  and  there  is  no  other  resource  left,  in  Euch  caaea, 
than  to  make  use  of  another  ot^ect  to  determine  the  l^itude. 

THIRD  METHOD 

Of  JiniHtig  the  latitude   by  two  altitudes  of  any  keauenty  hndy,  notiriiig  the 

change  in  the  declination  during  the  time  bettsMn  the  two  observations. 

To  determine  the  latitude  accurately,  reduring  the  change  in  the  dcclhiation  of  the 
object,  we  have  computed  Table  XLVI^  by  means  of  which  the  eomii^tiun  of  either 
o;ie  of  the  observed  altitudes  can  be  computed  for  the  change  of  decliiintion  of  the 
<d)served  object  during  the  elapsed  time  l>eiwi.t:n  the  ohHurvatioitH,  and  Ibua  ilie 
prohlema  of  double  altitudes  of  the  aim,  moon,  ]ilaiiet,  or  fixwl  star,  can  be  leducod 
to  the  case  of  the  declination,  being  invariably  the  mme  as  at  the  time  of  IIh;  olMeT' 
vatjon  of  the  allitiides  which  is  not  corrected,  and  then  the  problem  uoriies  under  ths 
JErjf  (ar  aecoDd)  method  of  solution,  which  is  much  more  siuiplK  nnd  tree  from  cases 
than  the  gener»l  solution  by  the/ourtA.  method.  This  urocesi'  of  coiTeuting  tiie  alti- 
tude is  Romewhat  similar  to  that  before  tmipht,  for  making  allowance  for  me  nin  of 
a  ship  during  tbe  time  elapsed  between  the  olaiervalionsj  and  the  snine  altitude, 
which  ia  corri'cieil  for  the  nm  of  the  ship,  can  also  be  corre<;ted  ibr  the  change  of 
declination.  This  method  of  correcting  one  of  the  altitudes  is  )mrtiruku-ly  applicable 
<o  the  case  where  both  observations  are  mode  on  the  same  faeaveidy  body,  and  the 
declination  does  not  vary  but  few  iniimtiw,  or,  in  extreme  ruses,  mure  than  one  or  two 
degret^s ;  but  the  same  process  may  l>e  used  when  two  different  olijer.iH  are  oliscrveil, 
provided  their  declinations  are  nearly  equal,  or  do  not  dljler  more  ibun  one  or  two 
degrees. 

Ab  either  one  of  the  altitudes  may  be  corrected,  the  problem  admits  of  two  differ- 
ent ways  of  solution.  For  tbe  sake  of  precision,  the  uliiiude  which  is  selccti'd  to  be 
rorrecti'd,  will  be  called  thejlrsl  altiladt ;  and  The  correH|H>D(tiiig  ileclination,  the  Jirst 
dtdinaliort ;  the  other  altini<Te,  which  is  not  correeteil,  will  be  called  ihe  atroad  attitxute, 
and  the  corresiioniling  declination,  the  second  declinaivmi  these  terms,  JJraf  and  ste- 
and,  having  no  reference  to  tbe  order  in  which  these  ol>aervationB  are  tatien,  siiice  the 
altitude  here  dediied  as  the/rrf  aUUudt,  may  be  actually  observed  either  before  or  q/Ier 
the  other  olwervation. 

The  proposed  table  gives  for  various  declinations,  altitudes,  snd  latitudes,  the  change 
of  the_^j|  aUitudt,  corresponding  to  a  variation  oflOff'  in  thejirrt  dedinalion.  Thus, 
with  the  latitude  50°  N.,  tbe  sun's  altitude  30°,  and  the  declination  14°  N.,  the  liible 
sives  77"  for  the  variation  of  that  altitude  arising  from  a  change  of  lOO*'  in  the  dueli* 
■luiion.  If  the  actual  change  of  declination  is  greater  or  less  than  lOO',  tbe  tabular 
number  77"  must  be  increased  or  decreased  in  the  same  prciportion.  Thus,  If  the 
'  change  of  declination  be  200",  the  change  of  altitude  will  be  200"  X  -^u  ~  l-'>4"- 
If  the  change  of  declination  be  fiO",  tbe  change  of  altitude  will  be  60"  X  ^^  ^^  4(>". 
The  correction  of  this  first  altitude  having  been  found,  it  is  to  be  applied  to'the  finn 
altitude,  comcted  as  usual,  for  dip,  refraction,  senudiameter,  and  jKiraliax,  and  the 
atmried  first  altitude  will  Iw  obtained,  such  as  it  would  have  been,  if  the  dcHinniion 
at  the  time  of  olnerving  tint  altitude  had  been  equal  to  the  second  dtdination.  With 
ills  corrected  lirst  altitude,  the  second  attitude  and  second  declination  without  cnr- 
rectton,  and  the  oliserred  elapsed  time,  or  hour  angle,  the  computation  of  the  latitude 
ma»  l>e  made  by  the  Firtt  Method,  explained  in  pago  180,  or  by  the  Srt^nd  Method,  in 
B185. 


pajTcia 
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■ufficienily  exact  lo  enter  the  table  whh  the  nenren  declination,  and  take  proponiiiiM) 
piirts  Ibr  tlio  ditgrem  oT  alritiiile  and  latitude.  The  latitude  liy  account  m  lo  lie  iiKd 
in  finilinL'  ihc  niimbere  from  tliie  tBl>le,  it  being  Biiflicieiitly  accurate,  since  an  erroi 
or  ]°  of  latitude  rarely  produces  more  then  2"  change  in  (he  numbers  of  the  table 
Sup|>OHe,  now,  [liat  the  tabular  number  is  required,  when  the  latitude  ic  37°  N^  the 
fini  altitude  Ulf,  ibe  tirst  declination  6°  25'  S.  In  this  ceae,  using  the  declination  G°, 
and  the  altitude  30°,  the  tabular  numbers  cnrrespondinj^  to  the  latitudes  30°  B.  and 
10°  S.  ore,  rmpectively,  57"  and  73",  whose  difference  IG"  corresponda  lo  a  change 
(iT  10°  of  latitude,  and  by  proportion,  the  change  corresponding  to  7°  :f  latitude  is 
16"  X  -i^=^lI"-2;  this  tieiiig  added  to  57",  gives  the  correction  correvpoudiug  to  the 
alt'tude  30^,  and  the  latitude  37°  S.  equal  to  ^'Ji.  Repeating  now  the  same  opera- 
tion with  the  altitude  30°,  the  two  tabular  numbers  are  64"  and  HI",  whose  difference 
17",  being  multiplied  by  ^,  gives  ll".9io  be  added  to  64"  to  get  75"i),  the  correction 
correB|H)nding  to  the  altitude  30°  atid  the  latitude  3!°  8.  Hence  it  appears  that  by 
changi[ig  the  altitude  from  90°  to  30°,  the  correction  changes  from  t^"3  to  75"^, 
increasing  7".7,  by  an  increase  of  10°  in  the  altitude;  the  correBpondinr  increase  for  a 
change  of  8°  in  the  altitude  is  equal  to  7".7  X  ^o  =  ^'-^  nearly.  This  being  added 
lo  08"^  gives  74".4,  for  the  tabular  number  corresponding  to  the  declination's",  the 
altltuile  ^°,  and  the  latitude  37°  S.  If  the  name  calculation  be  repeated,  uaing  the 
declination  8°,  the  tabular  number  will  l>e  76" J3,  inotead  of  74" J,  increasing  only  1".8 
for  an  increase  ofS^^^lW  in  the  declination,  and  the  corresponding  correction  for 
tlie  35'  of  the  first  dedination  is  l".d  X  '^=0".4,  nearly.  This  being  added  to 
74"4,  gives  the  coirect  tabidar  number  'fi"JBt  or  75*',  nearly,  conteponding  lo  tb« 
proposed  latitude,  37°  S.,  altitude  28°,  or  declination  6°  as*  S.  I'he  coneclinn  for  tbe 
minutes  of  declination  is  in  this  case  small, and  in  ^neral  it  will  be  so;  and  when  the 
chan^  of  declination  during  the  elapsed  time  is  only  a  fbw  minutes,  it  will  he 
■ufliciently  exact  to  lake  out,  according  u  the  above  directions,  the  nuniheia  corre- 
sponding to  the  nearest  declination  in  the  table.  As  there  is  nothing  peculiar  in  this 
method  of  finding  the  corrections  for  the  intermediate  degrees  of  altitude  and  latitude, 
(several  tables  in  the  work  having  been  arranged  upon  a  somewhat  similar  plan,)  it 
will  not  be  necessaiy  to  go  into  any  furtherdetail  relative  to  the  manner  of  findingtbe 
number  Iroin  the  table  corresponding  to  any  proposed  decltnaiion,  altitude,  or  latitude. 
The  use  ^f  thesd  numbers  in  finding  the  correction  of  the  first  altitude,  is^  for  the  sake 
of  easy  reference,  drawn  up  in  the  loliowing  rule*. 

RULE. 

1.  ^  the  too  dxdmatUmt  an  of  9x  lame  name,  Udtt  Oieir  iSffertnce ;  if  thai  are  ^f 
d^trenl  names,  lake  Uiar  mm ;  mui  Oat  difference,  or  turn,  mU  be  the  change  of  deeUiudion 
evrrttpmiting  Ui  Ue  two  oitervotioni,  or  two  ohjecU, 

3l  Finif  in  Table  XLVLthe  number  eorrteponding  lo  the  JlrH  decUnation,  the  fir* 
aititmle,  and  the  latitude  hv  accounL  Muitipty  Ode  by  the  change  of  dtcliTiatiiin,  m 
teewuU,  belwten  the  tu>o  ootenationt ;  Uie  product,  rejecting  the  too  nghl-handff^irtM, 
leilt  bt  the  number  o/eaxruU  to  be  ajntlitd  to  Ihefirtl  aUittuU,  irith  the  tame  tign  as  mtkt 
table,*  if,  at  the  second  obiervaiion,  the  object  it  nearer  to  the  elevaltd  pole  than  at  the  finl 
obiervalioa ;  but  with  a  iRfferent  lign  from  the  table,  if,  at  the  second  obtervation,  Oit 
object  it/aAherfrom  the  elevated  pole  than  at  Ibefirtt  oijertrafion. 

Thus,  in  the  above  example,  where  the  labnlsr  correction  is  75",  if  the  secmid 
altitude  is  48^  and  the  second  declination  6°  15*  S.,  which  b  10*  or  600"  tess  than  the 
Artt  declination  6°  25"  3.,  the  product  of  600"  by  75  {rejecting  the  two  rif^it-hand 
figures)  is  460"  =7'  30",  being  the  correction  to  be  added  to  the  first  altitude  28°, 
inaking  It  2tt°  7'  80",  because  the  second  declination  is  nearest  to  the  elevated  |>ole. 
If  (he  second  declination  be  6°3y  8,  instead  of  6°  15'  S,,  the  correction  7' 80'  will 
bo  subtractive,  makiirg  it  27°  Stf  80". 

It  may  be  observed,  that  the  melhodof  correcting  one  of  the  altjtudes(fee«no(  otter  tile 
honcry  anglea  in  any  way  tfhatever,  ard  the  regulation  of  the  watch  used  in  the  otiaer- 
vation'ia  calculated  in  exactly  the  some  tnanoer  as  if  the  correction  had  not  been 
made,  and  whichever  altitude  u  corrected,  the  result  will  be  very  nearly  the  seiiM ;  a 

*  The  figTU  in  the  table  an  p«itiv*  eieent  in  a  Tew  plaen  tniweM  (be  ln>pie«.  In  all  tatet  wrlb- 
oul  ibe  (ropiri,  wlieD  Ibe  dituuies  from  the  elevmed  pulg  darraia,  (he  altitude  it  to  be  Imcreaiid,  and 
whpa  (hfl  polar  diitancfl  ncmut,  (br  iltiitidB  u  to  be  dfcreand.  Tbe  coDiniy  takri  place  is  (boot 
laiiuidofl  between  the  tropicii  irhere  the  ubulir  niunben  have  the  «gn-»  prefixed.  It  Diay  oIm  be  ot^ 
•erred,  (hx  (he  labular  miiaber,  eormpDndidg  lo  any  pouible  iluiatiaii  of  I'le  objeei,  eoiinrt  eictiad 
IDO";  i(  ni,  however,  bund  coiivwiieB(  lo  inMit  a  few  mimbeneieeedin^  100",  Ibr  (be  pirpoae  at 
'-' uniely  (be  projionioBa]  pani  Ibr  Ibe  iD(eniiediBii-  doKreei  oT  aldiide  or  iBlkudeMC 
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dhlerenee  of  n  few  seconda  mil  •omelimes  be  found,  owin^  to  the  BiimD  quantillM 
neiclected. 

To  Uluatnite  thiB,  the  following  exunp  es  are  pven : — 


EXAMPLE  XL 


Then 


iiaH  altitude  y 


n  33°  ay,  hia  declination  17°  N.  Eight  houn 
■Itcrwartls,  b;  a  watch,  h\a  correct  central  altitude  wbb  30°  9',  and  decliniLtioD  16°  55* 
N.    Required  the  latitude,  suppoaing  the  latitude  by  sccouot  to  be  53°  StX  N. 

The  labular  correclioD  iMwreepondiiig  to  the  first  attitude  33°  3ff,  decliaation  IT'  N., 
and  latitude  bv  account  53°  20'  N^  ia  80".  Multiplying  this  by  the  difierence  of  the 
derliiiation  17°  — 10°  55'^5'^300",  the  i^oduct  rrejecciog  die  two  right-liand 
ftsuns)  is  !24O".O0^4',  the  coirection  of  altitude.  Tliis  is  to  be  subtracted  from 
3S^  2Sf,  because  the  sun  recedes  from  the  elevated  pole,  while  die  declination  changes 
from  17°  N.  to  16°  55"  N. ;  therefore  the  corrected^  aldiude  is  33°  21".  ITsiug  iTim 
with  the  aecond  ahitude  30°  S',  the  second  declination  16°  55',  and  the  elapsed  time  8 
boura,  the  ealctdation  may  be  tbu&msde  by  tfae,^rfl  meUiod,  as  follows: — 


Cocl. 
■>  \r.  M.]    Coeec.  10.06247 


C01.S. 


C0L.3. 


Cosec.  10JS3614 

Comoe    9.74813     Cosine    9.74813 

BaPlffN.CoMC.  10.28^ 

C^B.'^u'iIkS!] 

Cosine  9.999&] 

228    8  W. 

E53  26  N.   Sine  9J)048C 

Latitude  53  25  N.    Sine  9.90471 

As  It  is  entirely  arbitrary  which  altitude  is  ecnsidered  aa  the  firtt,  or  the' one  to  Iw 
corrected,  it  may  not  be  amiss  to  repeat  Che  operation,  conudisriiig  30°  B'  as  ihejirst 
altitude,  and  16^  55'  as  tlie  Jirtt  declination.  The  tabular  numuer  eorresiipnding  to 
these  quantitien,  and  the  latitude  by  account,  is  79",  wliich,  being  muitiiilied  by  the 
chaDTo  of  declinadon  300",  (rejecting  the  iwo  ri^lil-hand  figures,)  gives  337"  =  3'5"", 
or  4'  nearly.  This  is  to  be  added  to  30°  8'  to  get  the  corrected j!r»(  altitude  30°  la*, 
hecBiiHe  tlie  sun  appnaeha  the  eleraied  pole,  while  bis  declination  changes  from 
16°  55'  to  17°.  Assuming,  therefore,  the  corrected  fiid  altitude  as  .30°  IS",  ihe  itcotid 
altitude  .12°  25*,  the  Mcond  declinadon  coirespondiDg  thereto  17°  N,  and  the  el^)Md 
time,  aa  before,  8  hours,  the  caleulUton  may  be  then  made  ea  follows: — 


ELtl 


C01.I. 

»  [p.  M.]    Cosec  10.06247 


Col.  a. 


C01.3 


Declination  ir      N.  Sec.  10.01940 

A Cosec  10.08187 

j  nun  alts.  31°  18j  Cotnae  9.93165 
j  difl:  alta.  1  6i  Sine  838650 
9       Sine    8.30003 


Cosine  9.74820 
Cosec  10J»439 
8ec  10.00006 
Cosine  9.99991 
ZSec.  Ift03378 


Cosec  10J13408 

Cosine    9.74850 

B31°27'N.Coaec  10ja82S6 

Cosine  9.99991 

Z21  59  N. 

E53  26  N.    Bine  9.90460 

Latitude  53  25  N.    Sine  9J>0471 

So  thai  the  latitude  is  exactly  the  soma  by  both  methods. 

If  the  middle  time  between  the  two  obserrations  be  required,  it  would  be  obtained 
by  adding  the  log.  tangent  of  C  a30263,  to  the  log.  secant  of  B  10.22493 ;   the  sum,  , 
lejecting  10  in  the  index,  is  S.52756,  which,  being  songht  for  tu  llio  log.  tangents, 
'  ■  1  the  CoL  P.  M.  to  0>  15-  aS",  whose  half  0"  7-  43-  la  tliu  middle  time 
two  ofaMrrationB.    Taking  the  wm  and  difierenoa  of  this  and  holf 


lUQ  TO  FIND  THE  LATITUDE  BT  DOUBLE  ALTITUDES, 

tlin  eUfiacri  tiiiie,  4**,  t^ven  the  timoi  from  noon  who)  the  ohoervaiioiiB  were  made^ 
fh  ya.  431  g^^  ;jn  ^«>  i^.^  jjjg  g^g  iHsitig  before  DooD,  the  Other  afteruo.*..  Tbe  aanM 
reault  is  obuiiieil  whicliever  altitude  u  corrected. 

EXAMFLE    XII. 

Suppose  we  have,  nt  the  nmo  nDoment  of  time,  the  idood'b  correct  centrs)  ahhuda 
55°  SO',  the  riioo[i'H  deuliiiution  0°  3(>'  N.  1  the  huii's  correct  ceiiirBl  altilii<)e  37°  40',  bi& 
declination  0°  17'  S  ;  the  hovr  angU,  or  difference  of  tlie  right  ascensions  of  the  sun 
Biid  inoon,  as  given  hy  the  Nautical  Almanac,  5  hours;  required  the  true  latitude,  the 
latitude  by  accoimt  being  23*  SO*  N. 

The  tabular  correction  correaponding  to  the  latitude  by  account  23^  SCVN.,  the  aun'a 
altitude  37°  40',  (considered  as  t^e  J!nl  altitude,)  and  the  declination  0°  17'  S^  ia  50", 
and  the  cliange  of  the  two  declinations  from  0°  17'  8.  to  0"  3(>'  N.  ie  (SS*  =)  3180" 
this  l>eing  multiplied  by  50,  and  the  two  right-lifiiid  figuras  rejected,  gives  tlie  ci 


lion  of  altitude  15!K)"  — aS'  30"  ;  this  i»  to  lie  adiied  t( 

change  of  the  huii'b  declination  from  0°  17'  S.  to  0°  :)i 

elevated  pole ;  th.Tcfoi-e  the  sun's  corre*:ted  oltiiiide  is  38*  C  30",  or  simply  38°  tf, 

I'ung  this  with  the  moon's  allliude  55°  30',  the  moon's  Ji^clinuiion  0°  '■Hi'  N^  and  the 

hour  angle  5  huure,  the  latitude  may  be  found  by  ttie  j!rif  method,  in  (he  fbllnwing 


o  the  altitude  37*40',  because  the 
~ ,  approaclies  the  sun  to  the 

M*  (V  30".  r 


Col.  1. 
F.lapaedtiine5',P.M.Coeec.  10.31555 
Declination  Va&H.    Sec  10.00008 

A Coaee.  1051557 

t  sum  alts.  46  43  .  .Conne  S.83r>08 
4  difi:  alts.  8  37  . .  .Sine  9.17558 
C Sine    932733 


CoL.3. 


Col.  3. 


Cosine  9.89f)47 

Cosec.  10.13789 

Secant  10.00493 

Cosine  9J>!»37g 

Z  Sec  10.03G01 


Cosec  1157998 

Cosine    9.89947 

B  0°  45'*  N.  Cosec.  11.87945 

Cosine    9.99372 

Z23    OjN. 

E23  46  N.  Sine  0.60533 
Latitude  33  24  N.  Sine  'J.599Q* 
If  the  moon'a  allude,  55"  SO*,  be  considered  as  the  Jirtt  altitude,  and  corrected,  the 
abular  number  corree|HindinR  lo  this  altitude,  the  moon's  declination  0°  3G'  N.,  atid 
Jie  latitude  by  account  33°  iW  N.  will  be  70".  Muliiplybg  this  by  the  change  of 
-Jeclinaiion  3180",  and  iieglncting  the  two  right-hand  figures,  gives  the  correction  of 
•Ititude  3336"^37'  6",  or  simply  37',  which  is  to  be  subtracted  from  the  moon's 
altitude  5.5°  30*  to  obtain  the  corrected  altltiule  54°  43',  because  the  change  from 
3°  3ff  N.  to  OP  17  S.  makes  the  moon  receile  from  the  olevBtad  pole.  Using  tbe 
corrected  altitude  54°  ^V,  the  sun's  declination  0°  17'  S.,  and  the  aim's  altitude  37^  40', 
with  the  hour  aflgle  5\  the  latitude  may  be  found  by  the^f  meUiod,  in  the  following 

Col.  1.  CoL.  3l  Coi.  a 

elapsed  time  5^  P.M.  Cosec  10.21555  , 

Declination   0°17'S.    Sec  10X0001 Cobbc  12.30583 

K Cosec  1031556 

(  sum  alts.  46  lU*  Cosine    9.84036 
idifTalts.     83U...Sine    9.17097 


Cosine-  9.89347 
Cosec  10.14167 
Secant  10.00483 
Cosine  9i*9374 
Z  Sec 


Cosine  J';8^47 

BVai'i  aCosec  1330530 


Cosine  9.99374 

Z24    7j  N. 

E23  46N.  Sine  9J>0533 

Latitude  33  34  N.    Sine  9.59006 


IS  with  the  preceding  calcula^on 


«Ullude.     The  dmcraiire  or  inn  tame  iiumucrs  win  i-c  iric  leiui  niuiuiiii.      i  ..«:., :..  urn  |..t. 
«a  ll't-f  »•  3ri=M«  4S',  IbeKTcaurallitiKle.  ud  46<>11'4  — 3<>  Sl'^^ST"  vy,  Un  1 


ml  ciample, 
Aaliuuds. 


TO   FIND   Trffc   LATITUDE  BT   DOUBLE  ALTiTL-DES. 


EXAMPLES  FOR   EXERCISE  IN  THIS  THIRD  METHOD. 

1.  The  Bun'a  convct  centra]  altitude  was  41°  39'  12",  his  declination  14°  N.  After 
tn  inttrval  of  1'  30",  ha  correct  central  altitude  waa  50°  1'  12",  and  declination 
13°  SB'  38" ;  ktituile  by  account  52°  5*  N.    Required  the  true  latitude. 

The  labiilar  number  correauoDding  to  the  altitude  41°  Sa*  12"  it)  87",  and  this  being 
token  for  tlie  firat  altitude,  is,  when  correKted,  41°  2Sf  0"  ;  the  second  ullilude  ia 
W  V  12",  the  elaiued  time  1"  30-,  and  the  decluiation  13°  58'  38"  N.  These  make 
•Jie  iaiitude  52°  5*  N. 

Or,  by  udiing  50°  1'  12"  for  the  firat  altitude,  and  using  the  correajNinding  declina- 
tion, the  tabular  number  is  95^,  the  corrected ^/Wt  altitude  becomes  50°  2*  :W'  j  using 
this,  with  tlie  ucond  altitude  41°  33"  12",  the  declination  14°  N,  and  tlie  elapeed  time 
1^  30"',  we  find  thui  the  latitude  becomes,  aa  before,  32°  5'  N. 

2.  Given  the  correct  central  altitude  of  the  moon  53°  49',  her  daclination  14°  16*  N. 
After  an  interval,  in  which  the  hour  angle  was  1°  44"  15*,  her  correct  central  altitude 
waa  42°  2!^',  and  declination  13°  S*"  N. ;  the  latitude  by  account  48°  54'  N.  Itequired 
the  true  latitude. 

With  the  first  altitade  and  first  declination  the  tabular  number  la  96",  and  the 
corrected  first  altitude  5.3°  iff  28",  the  seconil  altitude  42°  29';  with  which  the  decli- 
nation 13°  SSf  N.,  and  the  corrected  elapsed  time  or  hour  angle  1^  44"  15",  we  find 
that  the  latitude  is  48°  55*  N. 

Or,  by  taking  42°  39*  for  the  first  altitude,  and  13°  52'  N.  for  the  first  declination, 
the  tabular  correction  will  be  83",  and  the  corrected  Jirtt  altitude  42°  4^ ;  using  this, 
and  the  tcamd  altitude  53°  43",  the  coTreeponding  second  declination  14°  IG*  N.,  and 
tlie  hour  angle  1"  44"  15>,  we  fimd  the  latitude  to  be  48°  54'  N.,  nearly ;  agreeing 
with  the  former  calculation. 

a  Given  the  correct  central  altitude  of  the  moon,  55°  38',  her  declination  0°  20'  8. 
After  an  interval  in  which  the  hour  angle  was  5"  30""  49',  her  correct  central  altitude 
waa  W  57',  and  her  declination  1°  10'  N. ;  the  latitude  by  account  23°  25'  S.  Re- 
quired the  true  latitude. 

With  the^  altitude  55°  38',  and  the^  Upc-linntinn  0°  20'  8,  the  tabular  correc- 
tion is  71",  and  the  firtt  corrected  alutudf  54°  31'  fi".  Using  this  with  the  jMotio 
altitude  29°  57',  the  second  declination  1°  W  N.,  and  the  hour  angle  5°  30°  49-,  the 
true  altitude  will  be  found  33°  23'  S. 

Or,  by  taking  29°  57'  for  the^»i  altitude,  and  1°  10'  N.  for  the  *»(  declination,  the 
tabular  correction  will  be  45",  and  the  firet  corrcc^ied  altitude  30°  37',  Uaing  this  with 
the  teeond  altitude  55°  38',  the  second  decliiintion  0°  20*  S.,  and  the  hour  angle 
5»  30-  4tC,  the  Inie  latitude  will  be  found  to  be  23°  24'  S.,  neariy  agreeing  with  3ie 
preceding  calculatimie. 

in  making  the  caladationM  of  thttt  thrtt  exampla,  the  itcondt  turn  noticed,  tAick  i» 
oboayf  bt*t  to  bt  dant,  partictUarlg  token  the  allitiulu  art  ruariy  npuU ;  some  differencA 
mi^t  be  found  in  the  above  results  if  the  nourest  minutes  only  were  taken.  Thus, 
Example  XI.,  calculating  to  the  nearest  minute,  gives  the  latitude  53°  38'.  If  the 
c^culution  be  made  as  in  pace  191,  it  becomes  sir  SS",  differing  3'.  This  difference 
would  be  avoided  liv  taking  iLe  angles  to  seconds,  and  in  some  extreme  cases  it  would 
require  tlie  use  of  t!  or  7  places  of  decimahi. 

FOURTH  METHOD. 

To  find  the  latitude  by  double  altitudes  of  the  same  or  different  olgects.,  the 
declinations  being  different. 

This  method,  like  Ae  first,  requires  only  the  use  of  Table  XXVII. ;  and  the  wonla 
fnie,co>ine,  &c.,Bre  written  Rir  tog.  tine,  tog.  crai-ai,  Slc.  The  logarithms  are  arrangeil 
in  these  columns  as  in  the  first  method,  accordhig  to  the  following  formula,  which 
ought  to  be  written  down  before  the  calculation  is  commenced;  this  will  simplify  tha 
operation,  and  may  prevent  mistakes.  In  this  formula  it  is  said  that  C  is  of  the  same 
offeGtion  as  B ;  the  meaning  of  which  is,  that  if  B  is  Um  than  90°,  C  also  is  (cm  than 
90° ;  and  if  B  is  greater  than  90°,  C  also  is  greater  than  90°.  Likewise  A  is  of  tha 
same  affection  as  the  hour  angle  H,  meaning  that  if  the  hour  angle  is  km  than  6 
hours  or  SW°,  A  will  be  lets  than  90° ;  and  if  the  hour  angle  exceed  6  lioun,  the  angls 
A  will  txeeed  90°. 


^^t>(>t^lc 
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PORHULA. 


Hnmiiilalir         r-x.]— 1*>- 
DmII.  dXu  V-  Xltl  Tu. 

A[Jir.  uoMlron  Z]        Tia."" 

D.DM.[ukHtin.]  ~ 


I  (bbi  (OMlMi  u  BJOowe. 


|Z Sin* 

[Z  DUMd  5.  or  S.,  Hka  tlw  bmi^nTUMH 

In  some  late  works  on  UHTigatioii,  no  notice  (a  taken  of  the  caciM  where  the  honr 
Uiele  exceeds  90°,  or  the  dinance  of  Ih«  objects  exceeds  90°,  and  on  that  account  the 
niles  appear  lett  subject  to  different  cases  tnan  die  following  rule,  which  embracoi 
all  fmaaiUc  cases,  and  the  apparent  simplicity  of  the  nJea  referred  to,  arises  (pom 
their  uaptrfidiottt  and  ineoi^UUrut». 

RULE. 

1.  Find  the  hour  angle  H,*  and  tslie  out  tlie  correapanding  secant,  which  put  in 
CoL  1,  and  its  tancent  in  Col.  3. 

2.  Take  the  declinBtion  d,  corresponding  to  the  grtatttl  altitude,  place  its  tangent 
ID  Col.  1,  its  sine  in  C<d.  SL 

3.  The  sum  of  the  two  logBrithms  in  Col.  1  (r^ecting  10  in  the  index]  is  the  tan- 
gent of  the  angle  A,  which  is  Uts  than  90°  if  the  hour  angle  ie  lut  than  6  hours,  (or 
90°,)  but  j>7wil«r  than  90°  if  the  hour  angle  is  greater  than  6  hours.  This  angle  is  ta 
be  marked  norA  or  nutt,  with  a  diRerentnaniefromthedt'clinaliDne^atthegreateM 
altitude.     The  coeecant  of  A  ia  to  be  placed  in  CoL  3,  its  coaiue  in  Col.  a 

4.  Place  the  declination  D,  corrusjioiidinp  to  tlie  Ittut  altitude,  below  the  angle  A, 
and  if  they  are  of  thef  aame  aaam,  take  their  nun,  but  \fo(  differad  names,  take  their 
dfffermct,  and  call  this  Bum4  or  difierence,  the  angle  B,  makmg  it  north  or  tou^  like 
the  greatest  of  the  two  quantities  A,  D.  The  co«ne  of  B  is  to  be  placed  in  CoL  2, 
hs  cosecant  in  Col.  a 

5.  The  siun  of  the  three  logarillims  in  Col.  3  (rejecting  SO  in  the  index)  is  the 
cotangent  of  an  angle  F,  (leaathan  90°,)  which  is  to  betaken  out  and  marked  norlh  or 
asutft,  with  a  difierent  name  from  R. 

6.  TIte  sum  of  the  three  loearithms  in  CoL  S  [rejecting  SO  in  ^e  index)  is  the 
cosine  of  the  ancle  C,  which  b  to  be  taken  Uu  than  90°  if  B  ia  lesa  than  90°,  but 
gruder  than  90°  if  Bis  greater  than  90°.  The  angle  C,  and  its  cosecant,  are  to  b« 
placed  in  Col.  1, 

7.  Place  the  altitudes  below  C,  take  the  tuJ/-»am  of  these  three  quantities,  subtract 
die  greatest  altitude  from  the  half-aum,  and  note  the  rtmauutrT.  Placa  the  secant  of 
the  leaat  altitude  in  Col.  1,  its  cotangent  in  Col.  S,  its  sine  in  Col.  3 ;  the  cosine  of 
the  half-mun  in  CoL  1,  and  the  sine  of  the  rtmaaidtr  in  CoL  1.    The  auni  of  the  four 


*  The  hour  asgle  i*  Ibe  ume  u  U 
nto  itgnet  by  Table  XXt.,  bui  ii ' 
TaUe  XkvU.,  aiid  uk«  out  iti  c 


I  nin.     Thii  lime  ii  luntad 

^   !,  end  find  il  in  l5ol.  r.  ■., 

ir  tfaii  doubk  anfle  eic«di  lt>>,  njcet  It*, 
■m  mn  we  noianiaBr  m  \hHm  x.  m.^  Hmi  uie  oiii  iii  eormpondiiig  tangeol.  Is  (lie  foUinviii^  oieq^ 
plei  Ab  douUt  mgle  ii  mailed  wiib  Lbe  laiicn  P,  M.  narnmd. 

t  TbB  rale  b  amj  raoMsibend  in  ibree  placet  in  •hicli  it  oeeiu*.  Irma  (be  i  in  laidiii  e  thai  *  tl 
llwGniletietoftMiudKiiiK,  oDdi/Ihe  Bm  kOer  ot  diffcreiict  tad  lUffrreiil. 

llTtbeiumbetakentofliidB,  andileicseedlSO",  ■ii£(iactitfniiD»0°,  SMleall  lb*  MMivkrB 
*iiB  a  difliiTOiil  nwiie  fron  thai  of  A,  D. 

r       ,.,  I,  C.tK>^lc 


TO  FIND  THE  LATITUDE  BY  DOUBJ  K  ALTITUDES. 


iU5 


MR  togarithmaof  Col.  1,  [rejectbgSO  in  the  index,)  being  divided  by  i,  give*  the  rine 
of  an  acute  angle,  which  being  found  and  doubled,  giveathe  zenith  angft  Z,  which  is 
lo  be  naraed  north  if  tlie  senith  and  norlh  |iole  are  od  the  $ame  side,  of  the  arc  or 
frtat  emit,  paaeing  through  the  two  objects,  (or  the  two  observed  places  oftho  snnie 
object,]  but  mulh  if  the  zenitli  and  JouU  pole  are  on  the  ttane  side  of  that  great 

8.  Take  the  mm  of  the  angles  Z  and  F  if  the;  are  of  the  (oim  name,  but  their 
difference  if  of  diffkrtiii  names ;  this  sum  ot  difference  is  the  angle  G,  to  be  marked 
north  OT  tovBi,  like  the  greoieat  of  the  angles  Z,  F.f  The  sine  of  G  is  to  be  plarod 
ji  Col.  3. 

9.  The  sum  of  the  two  lower  logarithms  of  Col  3  (rejecting  10  in  the  index)  is  the 
.anirent  of  an  angle  I,  which  is  to  be  taken  out  (less  than  9{r)  and  marked  north  or 
tmdh  like  G.     The  eecanl  of  I  is  to  be  placed  in  Col.  3. 

10.  Write  the  declination  D,  oorreapondtng  to  the  UaH  altitude  below  I,  take  their 
mm  if  of  the  aamt  Damea,  their  diffirmct  ifofdiffimU  names.  This  sum  or  difference 
is  the  angle  K,  of  the  same  name  ae  the  greater  of  these  two  quantities.  The  sine 
of  K  is  to  be  placed  in  OoL  a 

11.  The  Hiiin  of  the  three  last  logarithms  in  CoL  3,  ejecting  20  in  the  index,  is  the 
Rne  of  the  required  latitude,  of  the  Bsme  name  as  K. 


EXAMPLE    Xm. 

Given  the  elm's  correct  central  altitude  41°  33",  and  his  declinniion  14°  N.  After 
an  interval  of  P  30",  by  watch,  his  correct  central  altitude  was  50°,  and  his  decltna- 
lioB  13°  58'  N.  Required  the  latitude,  the  sun  being  soutfa  of  the  observer  when  ua 
the  meridian. 

Col.  ".  Col.  2.  Coi,,  3. 

HgnTan|.Illli3a«(p.ii.»1  8M.IO.0B43a 
Dsdl.^CUfr.dll.]  ISfieitl.Jaa.9MSm 
A  (dirmiiK  IVom  i.]  IS  01  8.  TM.B.43QIW 
r  Dk.  [m  Wmi  ill.]  H  00  N. 

B I  a*  8. 


c.  ., 


44*30' N.       Tmi.  B.WBBl 


nnltb.] 


..CmtBe  B.Ktn 


[1  named  u  d. 


If  the  Intttude  had  been  south,  Z,  inst 
mil!,:  0=5V38'S.,l=&'37'S^K  = 
labor  of  making  this  extra  calculation  is  but  little,  and  where  any  doubt  eitisis  of  the 
trnnc  of  Z,  it  is  he^  to  make  the  computation  both  ways;  this, "however,  will  rarely 
happen.  The  calculations  of  this  example,  and  moat  of  die  following  ones,  ore  made 
to  the  nearest  minute ;  where  great  acouncy  is  required,  it  will  be  proper  .to  take  tho 
logarithms  and  angtee  eorreeponding  tc ' 


•Thii 


id  meihodg  af  sohilioBr 
ID  oriheobjwu.     b  dooMa  aliiiudei  ariha  nm,  n 


■pot  by  the  niiu 

bpw  ii  iral  very  gnat,  tbc  angle  Z  ii  nmririly  to  bh  _»..... ...  ~^  ..»..-<  .,.  ..~  _ ... 

sbterved  objerU  wben  at  iti  grtaltK  altiiiuli  on  tbe  meridiBn,  ohich  in  north  Tatiiudei,  witboui  U 
iei,  b  in  jrenefal  mirth;  in  toatk  latitude*,  without  (he  tropici,  ttmik.  Sometimes,  when  the  sun 
Ibe  meridian  at»i  the  zenith,  il  mar  be  doubtliil  whethei  the  laniih  be  acrth  at  maih ;  in  whi< 
'  '  '  '  kaJieattt,  (iHilefa  uKrcB«Pt  the  labor  but  little,)  and  Uiit  one  of 
9  reckoning;  bui  ii  ii  generally  laf 


the  proUem  ma*  be  tolred  ibr  IuHi 

eampaled  lalitndea  selected  which  ansai  _  — 

M  n  obferTaiiooi  of  tbii  kind,  wMen  are  |«D*ralty  liab 

(iribamibeialiantofinda.aiidk  exceed  lfO°,  si 


ct  it  Irna  360°,  aod  call  the  reinaiuler  Q( 


TO  FIWD  THE  LATITUDE  BT  DOUBLE  ALTITUDES. 


EXAMPLE  XIV. 

The  min's  correct  central  altitude  waa  33°  25f,  his  aecltnation  17='  (K  9. ,  t)  boun 
ftfterwnnl»,  by  s  watch,  the  auu'a  correct  ceiilnl  altitude  wqb  30°  9  and  doclinatioii 
16°  55'  8.,  the  ohserver  being  in  a  hi)jb  aouth  latitude ;  required  the  latitude. 

Coi.  2.  Col.  3. 

Tui.I0.n8H 


Col.  L 

HnurHek[r.>.ltt=4*i.ii.1  a«.IO. 

Dm».^[»H[.«iu.1  iT-oofl.  Tm. B.4mai 

A[iliriian«IVDnA]  1«  :3  N.  Tu.Jk 
D  Dk.  [u  Inn  tlL]  jeu  B. 

a 131  38  N. 

C Ill  St  COMC-IO. 


L  [wtn»mr.tU.]  Cow.  10.98393 


■  S^IW 


lO.lSOM 


BiBcg.MOoa 

...Colu.  10.33693 
.        Tu.  10.13198 


FBgaoa.  CWin.  lO.MliM 

Z  M_«  8.  [F^U-n»l'..at 

eiM  g.TooTS 

[I  ImUiu  w  ism.  io.aBB 


If  the  zenith  had  been  north  of  the  great  circle  naming  thioutrh  tha  aun  aitd  moon, 
wc  should  have  2=25"  46' NTa  =  P  04' S.,l  =  l<'5ff  8,  K  =  18°  4^  S.,  stid  the 
Istilude  9°  16'  S. 

EXAMPLE  XV. 


sun's  dedination  0°  17'  S. :  the  hour  angle,  or   diflereiice  of  the  right  ti 

the  Bun  and  moon,  being,  by  the  Nautical  Almanac,  5  hours,  or  TSP.     Required  ttie 

latitude,  Bupposing  it  to  be  north. 

Cot.  1. 

Houraotl>H»[r.M.10k]  Otc  J)SS7M 
Decll.^  [u  jr.  ill,]  _V39N.  Tm.  a.oaOM 
AldlEBUMmm^l  9  le  a.  Tm.  8.BWIM 
D  D«i.  [MleinH.]  0  IT  8. 


Co 

.3 

Col.  3. 
Tu.iajnm 

«...     R,^« 

CmIm  9.flW5a 

Codu  999964 

ct«».ir.MB 

F  ro'N.CMUi.  11.91489 

CdtM.  10.1  mi 

Tui.    8.8iaiB 

["i«-«i'-l 

LtlHudt.. 

D«e.D.  0  1TB. 

[i=Mr"-""" 



..93-9*N.     SImTmSS 

I^UDi 6100   Cain 

|8.— R[.iilt.=R«ai.  18  W       Bin 

Bum  of  4  lovk  9)13.81878 

|Z MM       BIm  9.40839 

Z 99  40  N.  [lumMllkabMilniofunllb.] 

This  latitude  agrees  with  tbe  calculfidoD  in  Example  XII.,  page  192 

If  the  zenkh  had  been  aouth  of  the  great  cinle  nasaing  through  the  objects,  wo 

ahouM  have  Z=39°  40'  S.,  0=38°  5^9.,  I=--»°ti'S.,  K=:339  23'S,  and  the 

Utitude  03°  44'  S 


TO  FIND  THE  LATITUDE  BY  DOUBLE  ALTITUDES. 


la: 


EXAMPLE    XVI. 

Given  Ui«  mocm's  correct  central  altitude  47*37',  the  moon's  declinaEion  17° id'  S , 

die  sun's  correct  central   altitude,  at  the  same  lime,  37°  23',  tlie  sun's  duclioation 

S°  SS*  S.,  the  hour  angle,   or  ditfei-eoce  of  right  ascenalona  of  the  sun  and  uioon, 

jk  4()i>  2gi^  or  65°  7' ;  required  the  latitude,  aup))oaing  it  to  be  north. 

Coi.  1.  Col.  2.  Coi.  a 

Hr.  HayT'[r.H.  ii>>aai5en]  sec  it. i 

D«li.  t.  f1p.«II.]l7'a9'8.Tiui.  »■■ 
A[dif.c*n«HDmi]74  S3  N.  Tm.JOJ 

1)  One),  [u  isui  iii.]_jje  a. 


.  «t  SI   COMC.  10.00039 


IT  SS      Sec  lO.IHJSS 


(Sum TOSSCoriH   9.98384 


iZ... 


Sine   0.4777* 

M  ■ff.  M  H.]  Coaee.  ie.013S9 


...Tta.  ll.OEKU 


...Coaloe  O.lieSB 


,..c™ee.  10.B3788 


0  N.  [u 


h.l 


If  the  zenith  had  been  south  of  the  great  circle  passing  through  the  objects,  we 
ehoutd  have  2^39°  SffS.  G  —  Sff'd/  8,  1^58°!?  S^  K  — 6#  3*  8^  and  the 
latitude  53°  46'  S. 

FIFTH  METHOD. 

To  find  tht  latitude  from  the  attitudes  and  distances  found  in  taking  a  lunar 

obseroatioH, 

This  IB  a  particular  case  of  Form  V.,  and  ia  more  simple  than  the  general  Boliiiion, 
because  the  true  distance  of  the  objects,  coinpu[ed  in  working  the  lunar  olieerration, 
may  be  used  lo  shorten  the  calcutation  of  the  latitudes ;  we  shall  therefore  give  a 
particular  rule  fur  this  method. 

Having  the  apjiartnt  altitudes  and  distance  of  the  objects,  find,  by  any  of  the 
metiioila  of  wnrkuiv  a  lunar  olMervalion  hereafter  given,  the  trot  distance.  Fiuil  also 
tlje  trt4e  allitudes,  liy  correcting  the  apparent  altitudes  for  parallax  and  refniclion. 
The  correction  of  the  moon's  sliitude  Is  equal  to  tlie  di^^vnce  between  59'  43"  and  the 
correction  already  found  from  "rable  XfX.,  in  workmg  the  lunar  observation ;  thin 
diffirence,  added  to  the  moon's  apparent  altitude,  gives  her  true  altitude.  In  like  man- 
ner the  correction  of  the  sun's  altitude  is  equal  to  (he  diffen^nce  between  W  and  the 
correction  already  fonod  iu  Table  XVIII.  (or  in  Table  XVIL  if  a  star  or  planet  is  used) ; 
this  difference  ia  to  be  subtiacted  fioni  the  sun's  [or  star's)  apparent  altitude,  to  oblnin 
iiB  tnie  altitude.  The  time  at  Greenwich,  com'sponding  to  liie  tru«  diHatice,  having 
beeu  found  in  working  the  lunar  observation,  take  Ironi  the  Nautical  Almanac,  for  this 
lime,  the  declinations  of  the  sun  and  moon,  as  is  taught  in  pages  156,  171.  If, 
■ustead  of  the  sun,  a  star  is  used,  its  declination  may  be  obtained  from  Table  VIII.. 
or  more  accurately  troni  ibe  Niiuticai  Almonuc,  if  it  be  one  of  the  lOO  bright  stars 
whose  jilaces  are  now  given  for  every  ten  days  in  that  work.  If  a  planet  is  used.  Its 
declination  is  to  be  found  in  [lie  Nouticui  Almanac.  From  thfiue  dechnations,  the 
north  poltcr  ttitianeet  must  be  found,  by-  adding  the  declinations  to  90°  if  tovlk^  or 
•uMradtng  from  90°  if  TutrVt. 

Having  thus  obtained  the  tntt  distance,  the  (rue  altitudes,  the  declinations  and  north 
polar  distances,  the  latitude  may  be  computed  by  the  following  rule,  adapted  exclu- 
sively to  Table  XXVII.,  writing,  as  before,  lune,  cosine,  &C.,  for  log.  sine,  log.  cosine, 
&C.,  the  logarithms  being  arranged  in  three  columns,  as  in  the  former  methmls. 
RULE. 

1.  Place  in  Col.  1  the  true  distance  and  the  polar  distances.  Take  their  ht^-iwn 
subtract  from  this  liolf-sum  tlie  polar  distance  of  the  object  which  bad  the  greatest 
altitude,  and  note  the  rtmatnder.  Put  in  tlie  same  column  the  cosecant  of  the  true 
distance,  the  cosecant  of  the  polar  distonce  of  tlie  object  having  the  least  altitude,  the 
Mue  of  the  half-rum,  the  sine  of  the  remtandrr.  The  sum  ol^these  foiu:  logarithms 
(rejecting  30  in  the  index]  being  divided  bv  3,  gives  the  sine  of  ao  acute  angle,  whicb 
beins  found  and  doubled,  is  to  be  called  the  angle  F 


;o8 
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Z.  Pluce  in  Col.  1  the  true  disUnce  and  the  true  altitudes.  Tahe  their  hrdf-tvm, 
and  alM  ihe  remtimder  or  difference  between  the  half-BUin  aod  the  greatest  altitude 
Plaue  io  the  aume  colums  the  cosecant  of  the  diirtance,  (berore  fouDd,]  the  secsDt  ot ' 
the  least  altitude,  the  cosine  of  the  half-mm,  the  aine  of  the  remainder.  The  Hum  of 
hese  four  loearitlimH  (rejecting  SO  in  llie  index]  being  divided  by  S,  gives  the  sine  of 
in  acute  angle,  which  being  tbund  and  doubled,  ia  to  be  called  the  ansle  Z. 

iJ.  If  the  zenith  and  north  pole  bo  Bituated  on  the  tame  aide  of  the  great  circl*^ 
passing  through  tlie  two  objects,*  take  the  ntmt  of  the  anglee  F  and  Z  for  the  angle 
G ;  but  if  The  zenith  and  lutrtk  pole  be  sitiioUtd  on  dxffertnt  aides  of  that  great  circiB) 
take  their  diffkrenct  for  the  angle  G.     Place  the  cpaine  of  G  in  Col.  2. 

4.  Write  in  Col.  2  the  cotangent  of  the  least  altitude,  and  its  aine  in  Col.  34  Tha 
sum  of  the  two  logarithms  in  Col.  2.  ia  the  tangent  of  the  anrle  I,  which  ia  to  be  taken 
li«E  than  90°,  and  maiked  aouA  if  tfie  angle  G  ia  lef «  than  XP,  but  noriA  if  G  is  mora 
Uian  90°.    Place  the  secant  of  1  in  Col.  3. 

5.  Place  the  declination  coireaponding  to  the  leaat  altitude,  below  I ;  take  their 
mm  if  of  the  lame  name,  but  tlieir  d^ertnct  if  of  diftrenl  names ;  call  this  sum  or 
difference  the  angle  K,  and  mark  it  with  the  same  name  aa  the  greatest  of  the  two 
quantities.     Place  the  sine  of  K  in  CoL  3. 

a.  The  sum  of  the  three  logarithms  in  Col.  3  (rejecting  SO  in  the  index]  ia  the  Bin« 
of  the  latitude,  of  the  same  name  as  K. 

Having  found  the  latitude,  the  hour  mav  be  obtained  by  means  of  the  true  altitude 
and  declinalinn  of  the  nui,atar,  or  planet,  by  anv  of  tha  uaiial  methoda  hereafter  given 
forthat  purpoae;  but,  if  the  last  of  the  observed  altitudes  was  that  of  the  sun,  atar,  or 
planet,  Uio  horarv  dbtance  of  that  object  from  the  meridian  might  be  obtained  more 
simply  by  the  following  rule,  adapted  to  Table  XXVII. 

KuLE.  Add  the  tangent  of  the  angle  G,  the  sine  of  the  angle  I,  tlie  secant  of  the 
angle  K{  the  sum,  rejecting  20  in  the  index,  is  the  tangent  of  sn  angle;  take  out  the 
corresponding  time  in  the  column  P.  M.  or  in  the  column  A.  M.  increaaed  bjr  13 
hours;  half  of  eicherof  these  times  is  the  horary  diatance  ofihe  lowest  observed  object 
from  the  upper  or  lower  meridian,  whence  the  hour  may  be  obtained  directly  if  it  be 
the  mi),  but  if  it  be  tlie  star,  a  planet,  {or  the  moon,)  it  ia  obtained  bj  applying  its 
horary  distance  to  the  hour  of  passing  ihe  meridian,  according  to  the  usual  methods  of 
finding  the  time  Ihim  an  altitude  of  a  fixed  slu  or  the  moon. 

EXAMPLE  XVn. 
(Same  ■*  Dr.  Brinkley'ii,  in  tha  N  A.,  ISSB.] 
May  lOJ  8"  6-,  P.  M,  in  the  longitude  n€  7*  23"  west,  it  was  found,  by  working  a 
lunar  observation,  that  the  correct  distance  of  the  centres  of  the  sun  and  moon  was 
90°  57' SO";  true  altitude  of  the  sun's  centre  11°  37  IS";  true  altitude  of  tlie  moon's 
centre  27°  Si'  18".  At  the  same  lime,  by  the  Nautical  AloiaDD-',  the  aun'a  declinadon 
was  19°  Siy  48"  N.,  the  moon's  declination  13°  55-  4»'  K  Required  the  latitude  and 
hour  by  thia  obeervatiou. 

Cot.  1  coi.  3.  coi_  a 

Tiw  dMinn      Kr-ST'30"  Cohc.  lO.<XMe 


•Udi^vta  \I  DD  difl^nol  liih*. 


itiuidea,  ud  lbs  diftremct  ie 

inder  Itis  odeId  Q. 
of  the  wiKle  wa*  t 
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Tajbid  llu  htmr. 

S Tmii.    0  3iSin4 

I Bins    B.9B06i 

K. B<e.    m^lW 

UiHUP.U.  »<»•«>,  or  A.  ll.  +  iak  =  16tl»>l» Tan.  lO.aiaM 

Tbe  sun  being  at  the  loweM  altinide,  his  dJBlance  from  the  imper  meridian  wu 
8*  6"  9*,  being  tbe  hour  of  the  daj,  and  the  aun's  (liMance  from  the  lower  mendiau, 
af  midnight,  waa  3'  53-  51*. 

ADDITIONAL  QUESTIONS  FOR  EXERCISE. 

In  the  foDoning  questiona  the  oun'a  Bemktiameter  ia  supposed  to  be  16',  and  the 
parallax  nothing. 

I.  Being  M  sea,  in  latitude  by  account  39°  28"  N^  when  the  aun'a  declinslion  wae 
20°  41'  Nt  St  li"  30"  15',  A.  M^  per  watch,  the  altitude  of  the  lun'a  lower  limb  wbj 
observed  to  be  68°  IS*  45",  and  at  12*  26"^  08' ¥.  M.  was  70°S8',the  heiichl  of  theeye 
bong  SI  feet  above  the  sur&ce  of  the  aea.     Required  the  tnie  latitude  of  the  ship. 

Answer,  39"  3*  N. 
a  Being  at  sea  in  latitude  50*  40"  N.  by  account,  at  10*  17-  30',  A.  M.,  per  watch, 
AeoltiUK^  of  the  sun's  lower  )imb  was  observed  to  be  17°4'j,  and  at  ll"  17"  30<  waa 
19°  31' j,  the  declination  being  SO*  a,  and  the  height  of  the  eye  21  feet  above  the  sea. 
Required  the  latitude  in.  Answer,  S0°  1'  N. 

S.  Suppose  a  ship  at  sea,  in  latitude  47°  34'  N.  by  account,  and  thai  at  9"  55-  30', 
by  watcli,  the  altitude  of  the  aun's  lower  limb  wna  17°  24',  bearing  by  coni|>aes  S,  by 
E.  i  E.,  and  at  IS"  54"  10*  the  altitude  of  the  same  limb  was  21°  45'i,  the  declination 
bebg  l^  'JCf  S.,  the  height  of  the  eye  30  feet  above  the  sea,  and  the  ship's  coui-ae  by 
compass  E.  i  S.,  at  tbe  rate  of  7  knota  per  hour.    What  was  the  true  latitude  ? 

Aniwer,  47°  24  N. 
4.  At  11'  SS-  20>,  A.  M.,  per  watch,  (he  altitude  of  the  sun's  lower  limb  was 
~  ■  y  W.  by  compan.  At  2'  58"  30',  P.  M^  the  altitude  of 
light  of  the  eye  30  feet,  hia  declination  13°  17'  S., 
and  the  latitude  by  account  47°  50' N.,  the  ship's  course  during  the  elaiMedtimeN.E., 
with  her  larboard  iscka  on  hoard,*  sailing  at  the  rate  of  6  Icnots,  and  making  half  a 
point  lE«-WBy.    What  latitude  was  she  in  when  the  last  altitude  waa  take:i  ? 

Answer,  48°  9'  N. 

*  Tbe  luixard  aide  ofiihip  ii  the  led  nde^  when  Ibe  obnrver  ii  itl,  looking  tuwHtdi  licr  bescl,  uid 
tt«  Itartward  Ji  the  right  iide.  When  a  ihip  n  lailiD)^  with  her  luboerd  lacki  on  board,  Ibe  lee-way  ii 
allowed  u  ihe  rigfai  hand ;  hm  if  ber  ■larboani  lacki  ue  on  board,  lo  Ibe  left  hsod. 

In  eaJeulalioE  the  aiuweri  lo  Ibeie  quMiiom,  propocliosal  paRi  wen  Mkan  far  Ibe  iBcondi;  a  nuuil 
Mbnace  WMikl  be  fbuad  if  Um  senml  tofuithai  ooly  wHB  lak«B. 


izedbyGoOglC 


TO  FIXD  THE  LATITUDE  BY  ONE  ALTI- 
TUDE OF  THE  SUN  TAKEN  NEAR  NOON, 
HAVING  THE  TIME  OF  OBSERVATION. 


When  the  mid  doea  Dot  poM  near  the  zenith,  the  meridian  altitude  and  the  lathud* 
of  the  plaice  may  be  accurately  determined  by  observing  liis  nhiliide  when  near  the 
meriiliaii,  and  noting  the  time  by  a  waich  regulated  the  preceding  nioming  or  tbllow- 
ing  evuiing, by  eitlier  orthumethoils  given  in  this  wnrlc.*  To  iliin  time  bv  the  watch 
must  he  apiilieil  a  correction  equal  lo  tlie  difTerence  of  longitudt!  tnodr  by  the  ship 
(iiimcd  into  time]  in  tlie  interval  lictwccn  the  reflation  and  the  ol)3ervati<in  near  the 
meridian,  by  aildtng  tehai  the  plaee  of  rtfrulation  t»  lotlie  viataarit  of  Uir  place  of  taking 
the  othtr  oliKTBotion,  othencut  by  rulitrattrng ;  the  sum  or  difference  will  l>e  the  time  nf 
taking  the  obeervatioD ;  whence  the  time  from  noon  will  be  obtained;  with  which, 
and  the  observed  altitude,  [corrected  for  semldiameter,  dip,  &«^  as  usual,]  the  sun's 
decJination,  (found  in  Table  IV^  or  in  the  Nautical  Almanac,  and  corrected  for  the 
ioD^tiidit  of  the  ship,)  and  the  latitude  by  account,  the  latitude  by  oiMervation  may 
be  touud  us  followfi : — 


Mdlogttherlhehg.  cosim  ofOu  laHlude  by aeco\ml,{TabU  XXVII.) the  tofc.  resineqf 
Oe  dedination,  [TaliU XXVII^  the  logarithm  in  the  eolumn ofruinf;,  ( TalAr  XXIIl.]  tor- 
rcjtpenrfinir  ia  Uie  appareid  timrfnm  noon  tntiat  tAcobtervofion  tees  takcH ;  re}crl20  in  the 
wrier ;  the  natural  nitmAtr  of  the  remmnder  beitigfomut,  [m  Table  XXVl.)  and  added  to  Ou 
natural  sine  of  the  observed  attitude,  [  Table  XJiiV.)  thx  sum  urill  br  Ihe  natural  cosine  of 
the  meri/ian  zeniVi  distance,  from  which  the  laliiude  may  be  oblmned  by  the  roatmon  nUet 

If  thi:  coinpute^l  latitude  differs  consideniblv  from  the  latitude  by  iiircount,  it  in 
liest  lo  re|>eiit  ihe  ofieration,  using  the  latitude  Ust  found  insTi'ad  of  the  latitude  bj 
areoiint  Tliie  method  of  finding  tlie  latitude  by  a  single  altiludu  of  tlie  sun,  may  ba 
upplicd  to  any  other  celestial  objecL 

EXAMFLE  I. 
Bi'tng  at  Hea,  in  latitude  40°  Sff  N.  hy  accoimt,  when  the  sun's  declinatioa  wm 
2(P  S.,  at  IP  aJ""  aO',  A.  H^  npjNirenl  time,  per  watch, regulated  the  preceding  morn- 
ing, in  n  place  20  miles  of  longitude  to  tlie  eastward,  the  aun'a  correct  cetitral  a.titude 
vnm  I'JP  4l',t  bearing  soutli.     Reiiuired  the  true  latitude. 

Tin.6  per  watrh ll'-aO^aO" 

20'  in  titne  by  Tah.XXl.         1    80 

Timeof observation..  11  28     0     Latitude  49° 50*  Cosine  9.80957 

J8 Declin.    20     0  Cosine  957299 

App.  time  fromnooD..      32     0 Log.  rising  2.98830 

Nau  Num.  .5!K)  log.  a.770?6 
Central  alritude  19°  41'  Nat.  Sine     33f.82 
Mer.zen.disLea  5>  N.  NaL  Cosine  34273 
Declination     20    OS. 
Latitude.. ..  49  57N. 
*  The  1>e3l  lime  for  reguluing  ■  waich  it  wben  Uie  nin  beaf  nearly  east  or  wni,  aud  a  above  10° 
I  The  ohserverl  Rltiiude  a(  Ihe  lo^er  Ihnb  being  19°  31',  Ci  wmidianiclei  IC,  dip  f,  rernciioa  3, 
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EXAMPLE  II. 
At  BMt  ID  the  latitude  of  60°  N.  by  account,  the  aun  being  on  the  equator,  at 
0'  50"  C,  P.  Mn  )>er  wotch,  regulated  to  apparent  time  t' 

Slace  15  miles  ii>  loDgitude  to  the  weHtworri,  the  sun's  ci 
i'  53',  hearing  south.     Required  the  latitude. 
Aiip.  time  per  watcb    0>59~  0"  Lntituile       60°  N.  Cosine    9.69897 

IS*  long,  to  time 1     0  Declination     0  Cosine  lO.OOOCX) 

Ai)p.  ticDe  from  dood    10     0. Correaponding  log.  rising      3.53343 

Centrnl  altitude ^5S 


latitude 60    0  N. 

When  the  obsi'rvation  is  taken  a  few  niinutes  before  or  oftRr  noon,  the  enrrecfioii 
bi  be  apjiliiHl  lo  the  altitude,  to  obuiin  the  meridian  altitude,  may  l)e  found  liy  means 
of  Tables  XXXIL  and  XXXIII.,  the  firtt  of  which  contains  the  variation  of  the  alti- 
tude  for  one  minute  from  nwin,  expressed  in  sccouds  and  trntlis ;  the  other  contains 
the  square  of  the  minutes  and  secuiidx  of  a  minute  contained  in  the  lop  and  tlie.  side 
columns.  By  these  tables  the  correction  of  the  observed  altitude  may  be  founil  by 
the  following  rule  : — 

RULE. 

Enter  Taklt  XXXII^  md  but  the  latitude  bg  account  m  Ike  tiitt  eolanm,  and  Uit 
dtflmntion  at  lhKtop,oppoiite  tMformir,  and  under  the  Mler,v7iU  be  Ike  change  of  aUilude 
in  leeonda  and  tmaafor  one  minute  from  noon :  then  enter  Tabic  XXXIII.,  and  find  Ike 
tninnie*  of  the  apparent  time  from  noon  tn  Qa  Urn  column,  and  tfte  leamds  in  tkf,  t\de 
eoiumn ;  under  the  former,  andoppotite  Ihe  latter,  tutO  be  a  number  tMtcA  is  to  be  tmiitiplied 
bu  Ike  nunJxr  takm  from  TaUe  XXXIl^  and  the  produel  trill  be  the  eought  change  qf 
aitilade,  ezpretmd  in  gecend*  atid  denimaU. 

Id  making  u<ie  of  Table  XXXII.,  proportional  parts  may,  if  necessary,  be  taken  for 
Die  miles  of  latitude  and  declination.  The  oumbeia  in  both  these  tables  ore  eipreaoed 
in  wbole  numbers  and  tenths. 

EXAMPLE   III. 
Being  at  sea  in  the  latitude  of  40°  N.  when  the  sun's  declination  was  Sl°  N.,  at  8" 
past  noon,  apparent  time,  the  sun's  correct  central  attitude  f  was  70°  5&.    Required 
Ihe  meridian  altitude  and  latitude. 


J9°  57'  N. 

By  observing  several  altitudee  of  the  sim  wjien  tiear  the  meridian,  and  noting  the 
times,  tlie  meridian  altitude  may  In  obtained,  by  the  above  melljod,  to  a  great  degree 
of  accuracy.  Pur  by  using  this  method,  many  observations  may  be  taken  on  the 
same  day,  and  tbe  meati  of  the  meridiun  altitudES  deduced  therefrom  will  in  general 
be  much  more  correct  than  that  obtained  by  a  single  observation,  by  the  usual 
method.  To  obtain  the  correction  to  be  applied  to  the  moan  of  all  the  observed 
altitutles,  proceed  thus : — 

Take  from  Table  XXXIII.  the  number  corresponding  to  each  time  from  noon, 
(the  minutes  being  found  at  (he  top  and  the  seconds  at  the  side,  the  correction  being 
under  the  former  and  opposite  the  latter,)  and  divide  the  buuj  of  these  tubular  num- 
bers bv  the  number  of  observations ;  the  quotient,  being  multiplied  liy  the  nu[iil)er 
taken  from  Table  XXXII.,  vrill  be  the  correction  to  be  applied  to  the  mean  of  the 
ohaerved  altitudea,  to  obtain  the  meridian  altitude. 

EXAMPLE  IV. 

Being  at  sea  in  tbe  latitude  of  90°  N.  by  aecannt,  when  the  stm's  declination  waa 

SS^N.,  observed  <«ith  a  sextant,  the  altitudes  of  the  sun's  lower  limb  (bearing  nearly 

•  The  obicrved  sliitDde  of  iba  nia'i  lower  limb  bang  18°  iS',  Q's  S.  D.  I^,  dip  V,  nbrnelitm  V 


90S      1>0  FIND  THE  LATITUDE  BT  AN  ALTITUDE  MEaR  NOON. 

woaiV)  BH  in  the  followinf  table ;  the  correction  for  Mmidinmeier,  dip,  refraction,  &&, 
being  13'  ailditive.    Required  tlie  meridian  altitude  and  Inlitude, 

The  mean  of  the  numbers  from  Table 
XXXIII.  is  17JS ;  thii  beinj  iniiliiiiliea  by  dia 
number  of  aeconda  from  Table  XXXII.,  viz. 
9"^  giiea  the  correction  43".75,  or  44",  which, 
tieing  added  to  Ihe  mean  of  the  obsKrved  alti- 
tudes, 6l°4G',gives  the  meridian  nititudeof  the 
Bua'9  lower  limb,  61°  46-  44",  or  61°  47'  nearly ; 
to  this  add  19'  for  semidiamtter,  &C.,  and  we 
get  61°  Sff  for  tbe  correct  ceniral  meridiaii 
altitude,  whence  the  latitude  ia  50°  1'  N. 

If  tbe  above  altitudes  had  been  taken  with  a  circle,  the  calculation  would  have 
been  exactiy  the  same,  except  that  each  altitude  would  not  have  bt^n  given,  but  the 
■um  of  all  of  them,  247°  4',  would  have  been  ebown  by  tbe  central  index  after  finiBhing 
the  obaervationa; 


Oi:AH. 
H,L.L. 

Afp.Timt 

Numtrr* 

m. 

614S 
61.16 
61.46 
61.47 

S    10 
4    15 
3      2 
2    10 

38.0 

lai 

4.7 

S>im!347.04 

■  .70.0 

Mean  61.46 

17J> 

EXAMPLE  V. 
Having  regulated  my  waicb,  I  found  it  to  be  6~  3*  too  alow  for  apparent  lime.  I 
ttieii  sailed  to  the  southward  and  eastward  till  the  ship  had  made  60'  difference  of 
longitude,  and  was  by  account  in  the  latitude  of  40°  N.,  the  sun's  declination  being 
20°  3.  The  aun  being  ihen  nearly  on  the  meridian,  1  obeerved  ten  altitudes  of  his 
lower  limb  by  a  circle  of  reflection,  and  noted  the  limea  by  the  watch  as  in  the  follow- 
ing Table ;  and  the  sum  of  all  the  altitudes  inken  from  the  circle  was  298°  SO*.  Required 
Ihe  true  latitude,  Hupposing  the  dip  to  be  4'  and  tbe  semidiatneter  16'. 

When  it  waa  IS  o'clodc  by  the  watch,  it  was  IS"  6'^  2<  apparent  time  at  the  plac« 
where  tbe  watch  waa  regtilatrd,  and  12'  10"  2* 
apparent  time  at  the  place  where  the  altitude* 
were  taken  to  determine  the  latitude,  because 
tbe  former  place  waa  60*  or  4"  in  time  to  ihe 
westward  of  the  latter;  consequently  the  watch 
was  10"  2'  too  slow  for  apparent  time  at  Ilie  placo 
of  takine  the  altitudes  for  deteniiining^  tbe  lati- 
tude. Hence  we  may  delenuine  the  time  Irom 
noon  of  taking  each  observation,  as  in  llie  second 
column  of  the  adjoined  table,  and  find  the  num- 
bers corresponding  in  Table  XXXIII.,  the  mean 
of  which  is  6^j  this,  multiplied  by  the  number 
in  Table  XXXII.  carrespoTiding  to  the  latitude 
40°  N.  and  declination  20=  8.,  viz.  1".6.  will  give 
ll".15a  or  11",  which  is  the  correction  to  be 
add^l  10  the  mean  of  the  obeerved  altitudes  to 
obtain  the  meridiaii  altitude. 
Now  the  sum  of  all  tbe  altitudes  396°  30*,  being  divided  by  10, 

tbo  number  of  obBervaiions,  gives 29°  50*  0" 

Add  semidiameter  16*  and  the  above  correction  11" 4-  16  II 

Add  parallax  found  in  Table  XIV ■\-  8 

Subtract  dip  4'  and  refraction  1'  39"   —     5  39 

Central  altitude 30    0  40 

Zenith  distance 59  59  20  N. 

Declination 30    0    08. 


114543 
46.58 
47.52 
4&50 
49Ji8 
50.48 
51.10 
53.13 


0  SO 

1  12 
S  IS 


Mean  6.97 


Utiiudo 39  59  20  N. 

When  the  meridian  altimde  of  the  abject  is  small,  the  correction  of  altitude  may  be 
finmd  by  this  nieihod,  for  12  or  15  minutes  from  noon,  to  a  greai  degree  of  accuracy; 
but  when  the  sun  paaaes  near  the  zenith,  the  time  of  observation  must  be  proportion- 
ally nearer  to  noon.  Thus,  in  Example  L,  preceding,  the  time  Irom  noon  waa  32*, 
•nd  BK  the  numbera  in  Table  XXXIH  ere  the  squares  of  the  number  of  minutes,  it 
followB,  that  Ihe  number  corresponding  to  33'  would  be  the  square  of  33,  or  1D34.(X 
This,  beinc  multiplied  hv  the  number  1".3  of  IVble  XXXn.,  corresponding  to  the 
latilude  SCT  N.  and  decliuatiou  20°  &,  will  give  tbe  cwrecrion  133r'Ji,  or  nearly  fSt 


TO  HHD  THE  LATITODE  BT  AN  ALTITUDE  SEAU  NOON.      'i<6 

wb'xh,  bein^  added  to  19°  41',  will  give  90°3'  for  the  meridian  altitude,  or  69°  57'  fur 
I'le  zenith  distance,  being  the  same  as  in  that  example. 

It  is  very  BdvBDtBgeaus  in  this  method  to  observe  as  many 
althudei  in  the  afternooD  as  before  noon,  aud  nt  nearly  the  same 
distances  from  noon ;  for  in  this  case  a  small  error  in  the  regu- 
hting  of  the  watch  will  not  materially  oflect  the  calculaiioD. 
Thb  will  appear  evident  by  BUppc«ing,  in  the  preceding  example, 
that  the  \ratch  was  ll™  ^  too  alow,  instead  of  10"  3' ;  by  this 
means  the  tiinea  and  numbers  will  be  as  in  the  sdioined  table, 
end  the  mean  of  all  the  riuinbere,  taken  irom  Table  XXXIII^ 
will  be  8.15,  which,  being  multiplied  by  1>.6,  will  give  13'  nearly, 
for  the  correction,  insteul  of  ll",  so  that  in  this  case  an  error  of 
Mte  minute  in  the  resulalion  of  the  watch  would  only  cause  an 
vror  of  3  suconds  in  the  meridian  altitude. 

But  it  must  be  carefully  observed,  that,  b  uring  this  method, 
you  muM  not  take  the  observation  mora  than  3  (»■  3  minutes  AtHu 
ilDO,  wbeu  the  sun  paMes  within  ItP  or  iSP  of  tbo  aenitti. 


7Vm» 

In  Tub. 

xxxin. 

3.15 

106 

2.00 

4.0 

1.06 

iJi 

0.08 

0.0 

0.30 

0J8 

1J50 

s.i 

2.13 

4.S 

3.15 

10.6 

4.10 

17.4 

SJS 

29.3 

_&n^l_ 

B13 

Heui     &1S  ! 

D,j.,.db,Googlc 


TO  DETERMINE  THE  LATITUDE  ON  SHORE 
BY  MEANS  OF  AN  ARTIFICIAL  HORIZON. 


It  freqaeotly  happena  ihat  the  latitude  of  a  place  on  sbore  cannot  be  determined 
by  the  uaua]  methods,  by  a  quadrant,  Bextani,  or  circle,  ou  account  of  not  hating  an 
a[ieu  horizon.  In  this  case  it  ia  cuatomary  to  make  uae  uf  an  artidcitii  hori/on  formed 
by  the  surface  of  a  »eaael  filled  with  mercury,  water,  Barbadoes  Inr,  very  clear  mo- 
lasgea,  or  any  oth«r  flu^id  of  eufficieut  consistency  not  to  be  affected  by  the  wind.* 
With  this  a))|Niratus  an  observation  may  be  taken  on  shore  when  the  sltjlude  of  the 
olject  doi'8  not  exceed  60°,  with  aa  much  eaae  as  at  sea.  Thus,  if  an  altitude  of  the 
■UD  was  required  to  be  taken,  Che  observer  must  place  the  vessel  containing  the  iner- 
curv  (or  other  fluid)  in  a  firm  positiou  on  the  ground,  and  in  a  few  minutes  tlie  surface 
of  the  liquor  will  attain  a  horizontal  siluntion ;  the  observer  must  then  pliice  hiniaelf 
iu  a  situation  so  as  to  see  the  image  of  the  aun,  formed  by  the  fluid,  which  image  will 
evidently  be  depre^ed  as  much  below  the  horizon  as  the  sun  is  elevated  abote  It,  so 
that,  to  obtain  the  double  nf  tlie  sun'a  altitude,  it  Is  only  necessary  for  the  ol^erver  to 
bring  the  image  of  the  bud,  formed  by  the  instrument,  down  to  the  image  fonned  by 
the  artificial  horizon,  and  the  angle  then  pointed  out  by  the  index  will  be  double  of 
the  altitude  of  the  sun;  thehatf  of  which  will  be  the  apparent  altitude.  Ifthe  nearest 
Kmbe  of  the  two  imagea  are  broiigiit  in  contact,  tlie  half  of  the  angle  obtnined  by  the 
instrument  will  be  the  altitude  of  the  sun's  lower  limb,  but  if  the  farthest  linibe  are 
brought  in  contact,  the  half  angle  will  be  the  altitude  of  the  upper  limb.  The  alti- 
tude thus  obtained  must  be  corrected  for  sumidiameier,  parallax,  and  refraction,  as 
usual,  lilit  not  for  dip,  because  a  truly  horizontal  aurface  is  obtained  by  means  of  the 
artificial  horizon.f  In  this  manner  the  altitude  of  the  sun,  or  any  other  bright  ohjecL 
may  be  obtained  when  the  altitude  is  less  than  60°;  at  higher  altitudes  the  angle  cor- 
responding would  be  above  130°,  which  cannot  be  measured  by  a  sextant  on  account 
of  the  loiifj'th  of  the  arc,  nor  by  any  other  instniment  of  reflection,  in  a  convenient 
manner,  witli  a  suflicient  degree  of  accuracy.  To  illustrate  this  method  we  shall  berv 
add  the  following  examples: — 
EXAMPLE  1. 


or  ihe  <uii  waa  fbuad  by  lb 
»  66°  W,  when  tbi  decnaiil 


HBlfoTGSo  10'  ii  Ihe  obi.  alt... 


Subtracl  rifnclion 1 

Tnieahitude 34  10 

Zenilli  dialance 55  40  N. 

UecJiDiIian .10    OS. 

LaiiUHJe 49  40  N. 


EXAMPLE  II. 

Th«  sngulu  diiLBiice  or  the  rsrdioii  limhi  oriba 

Qblarned  hv  Ibe  nbove  melha<l,an(l  rouiidio1<e34'' 
0',  when  ihe  d«linaiioii  wnt  10°  ^.,  Bud  ttw  semi- 
Ihe  sun  benriiig  iioOb  pf  Ihe  obieri- 


Laiiiude 63  19  8. 


■o  plates  aftnl 


•  In  cue  the  wind  binwi  Tre^.  yon  mun  u»  ■  acreen  rormed  of 

nin, puling  throu^  Dneofibe  plaiei,  are  reflected  from  tlie  lurftee  of  Ihe  tiauor,  and  put 
Olher  plale  lo  llie  eye  of  Ihe  obKTvei.  The  UM  oT  Uish  plalei  ii  to  be  avoided,  when  it 
be  done,  on  aecounl  of  Ihe  defect  of  pualleliain  of  Ihe  nirfaeea.  Thii  error  ii  generally  ^reHieai  near 
(be  border  of  Ihe  gtau,  lo  thai  ii  has  been  recommended  lo  cover  the  edft  of  ilie  giau  with  b  paper  or 
■ome  paint,  lo  the  dislanre  of  i  oi  j  inch  fnun  the  frame.  If  the  turfBcei  of  the  pam  are  perfccllv 
parallel,  the  olnerved  angle  will  he  the  laine  u  if  the  icteea  had  not  been  uied.  Initeait  of  using  ibe 
■creen  we  ma^  place  one  of  the  glaiiel  of  the  icreen  upon  Ihe  inrfaca  of  the  fluid,  which  will  iirevnil  it 
ftnmbeln^  ag-ilaled  by  the  wind,  or  t>lher  limilar  cauaei.  If  the  reAacting  fluid  i)  moleun.  air-bubiijea 
will  fomeitniei  rise  on  Ihe  lurface  by  the  aun'i  beat :  ihii  may  in  (ome  measure  be  avmded  by  bealinc 
the  mr>]ai"ie>  before  toin^  il. 

tlfiheinatruineiii  hu  an  index  error,  il  miiil  be  applied  lo  the  obnrved  angle,  or  the  half  of  Ibe  ii>dei 
«m(  miwi  be  applM  lo  tba  uin'*  aHJlDila 


iE;le  of  about 
t  ihrouRh  Ihe 


TO  DETERMINE  THE   LATITUDE  ON  BHORE,  &a.  SOS 

The  latitude  may  be  determined  rai  shore  hy  this  method  to  a  great  decree  of  ancti- 
ncvbyit>caiiBof  a  circle  of  reflection,  by  taking  several  nltituitesB  fmv  mitiutes  l>efore 
aiid  after  the  aun  patacB  (he  meridian,  and  eHlimating  tiie  correction  to  be  applied  to 
the  altJuide  by  means  of  Tables  XXXII.  olid  XXXlll.  Thua,  if,  in  the  example  page 
202,  the  obaerratioDH  had  been  taken  in  ihb  manner,  the  number  of  desreeH  dennted 
by  the  circle  after  taking  ten  otieervationB,  would  have  been  595°  SO' ;  UiiB,being  diTiileil 
by  30,  (twice  the  number  uf  observations, ^  will  give  for  the  observed  altitude  39°  Ad 
and  bv  adding  the  aettiidiameter  16',  parullax  8",  and  the  correction  found  by  Tablen 
XXXll.  and  XXXIIIt  viz.  11  seconda,  and  mibtracting  the  refraction  1'  39",  the  cen 
tral  allilude  will  be  obtained,  30°  0*  40",  as  in  the  page  before  mendoned. 

Altitudes  may  l>e  obiierved  in  this  nay  in  taking  an  azimuth  fbr  determining  the 
variation,  or  for  regulating  a  watch,  in  the  manner  explained  in  this  work ;  observing, 
in  all  cases,  that  the  half  of  the  observed  an^le  is  to  be  corrected  for  refniction, 
poitdlmc  and  semidiaroeter,  but  not  for  the  dip  of  the  horizon,  and  that  half  tho 
mdex  error  only  is  to  be  applied. 


TO  FIND  THE  POSITION*  OF  A  SHIP  ON  A  LINE  OF  BEABING. 


I  corrirBpiniding  tbvtelo.  A  line  lintwa 
oo  a  ohart  through  the  two  poJDts  thus  delBrmiiitd,  will  Ttprttent  tht  lint  o/r^uat  allilndet. 
The  place  of  the  ship  will  be  Mrnieirhenf  on  this  line ;  aiid  if  it  pontes  llirough  tin;  Isnd, 
the  bearing  of  the  land  will  be  known.     If  the  coant  eliuuld  run  pHrallel  It  ''  '~  '~~~ 


will  have  the  distance  of  the  bI 


D  the  land,  but  of  O 


>t  the  absolute  position. 


December  llth,  IBS!.— The 
latitade,  by  accoant,  being  fil" 
S7'  K.,  tlie  Oreenwich  time  lOh. 
41m.  139.  A.M.,  the  Irne  sllitode 
of  the  sun'e  centre  waa  fnoiii)  to 
he  IS"  10'.  Required  the  trae 
bearing  of  the  Innd. 

Let  the  anamed  latitudeg  be 
61°  and  Ga°,  son's  declinntio 
SB'  S,  and  the  eqoation  of  time 

— Sm.  S7a. — The  longitude  corresponding  to  Gl°  latitade  will  be-abont  B° 
The  loi^itnde  correeponding  to  53°  latitude  w'"  '-  -'•— ■  '° 
A  line  drawn  throogh  those  positioni  A  A',  will  represent 
will  alio  pam  through  "Small  LighW,"  and  mn  pnrnllei  to  the  &  E.  coBit  of  Ireland. 

The  light  was  seen  in  the  courso  of  an  hour,  and  the  error  in  latitude  ascertained  to  Ire 
8',  0  being  the  position  of  the  ship. 

CASE  tl 

When  a  double  aliitiule  is  taken,  the  position  of  the  ehip  may  be  found  by  working  the 
longitude  for  each  altitade,  as  in  Case  L,  and  then  drawing  ivo  linn  of  equal  altitudes 
ttrough  the  fonr  points  A  A'  and  BB'  thus  determined.  The  point  of  intersection  of  siiid 
lines  will  give  the  position  of  the  ship.  The  necessary  correction  for  the  change  ofpori'.ion, 
when  the  second  altitude  was  taken,  mnsl  be  nude  ss  ciplaiaed  on  page  18.S,  or  by  moving 
the  line  A  A'  projected  (parallel  to  itself)  along  the  oonrae  and  distance  made  good  Dy  the 
■hip  Thus,  snppose  between  the  observations  the  ship  had  sailed  E.  N.  E.  88  miles. 
Then  move  the  first  line  A  A'  parallel  to  itself  on  dnis  course  it  miles,  and  draw  a  line 
whose  intersection  with  the  second  line  B  B'  will  give  the  position  required. 

It  is  evident,  that  when 
the  two  lines  cross  each  oth- 
er at  about  right  angles,  the 
point  uf  interseetion  is  mora 
eaailT  found.  yr/^  "v 

A  line  drawn  perpendlcn-  ^^^  >. 

Ur  to  the  line  of  equal  alti-  .--V^  ^. 

tad«  shows  the  direction  of 
the  enn.  and  consequently 
the  asmuth. 

The  HBsnmed  latitude  must  be  near  the  truth. 

When  the  altitude  is  high. 


\ 


TO  FIND  THE  LATITUDE  BY  AN  ALTI- 
TUDE OF  THE  POLE  STAR. 
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1  26 

12  48 

IS  88 

1  4S 

3S 

1  25 

12  88 

13  48 

I  68 

28 

1  24 

12  28 

18  63 

2  03 

13 

1  24 

12  18 

14  03 

TW 

i 

1  53 

12  OS 

"TTTs 

2  23 

23  68 

1  21 

11  63 

14  23 

2  83 

28  43 

1  20 

11  43- 

14  83 

248 

28  88 

1  10 

11  88 

14  4S 

2  68 

28  23 

1  17 

11  23 

14  68 

8  03 

23  18 

1   16 

11   IB 

16  08 

TW 

-55113- 

1   14 

U  03 

U  Is 

S  28 

22  68 

1  12 

10  63 

16  28 

22  43 

1  09 

10  48 

15  88 

S  43 

22  33 

1  07 

10  88 

15  48 

8  63 

22  28 

1  05 

10  23 

16  as 

4  03 

22  IS 

1  02 

10  13 

16  08 

nr 

'sroT 

59 

TOTS- 

16  IS 

4  ^3 

21  63 

67 

9  63 

16  23 

488 

21  48 

64 

9  43 

16  88 

4  48 

21  88 

61 

9  88 

16  43 

463 

21  23 

48 

928 

16  GS 

SOS 

21  18 

46 

9  18 

17  03 

B^ir 

21  03 

~ir 

9  03 

17  IS 

623 

20  63 

8  63 

17  28 

5  S3 

20  43 

86 

848 

17  88 

5  43 

20  88 

81 

■8  88 

17  43 

6  63 

20  23 

28 

8  23 

17  68 

6  03 

20  13 

24 

8  IS 

18  08 

6  13 

20  08 

20 

8  08 

^n« 

a  23 

IB  63 

17 

7  88 

18  28 

6  S3 

IS  43 

18 

7  43 

18  83 

e  43 

19  S3 

9 

788 

18  48 

e  68 

19  23 

6 

7  23 

18  68 

7  08 

19  IS 

2 

7  18 

19  03 

7  08 

19  08 

0 

7  08 

19  08 

minute*.*  Thil  method  might  ba  frFoiientW 
used  at  >e>.  vhen  the  horizon  is  irell  deBned, 
if  that  star  «ere  of  the  fint  miniitade  ;  bnt 
being  onlj  of  the  aecond  ni  third  magnitnda, 
it  is  KimetiDlM  bo  dim  that  it  ii  rather  dilBoalt 
to  deUnnine  the  altitude  witJi  preciaioti.  Htnr- 
erer,  an  there  are  limrs  whan  it  would  be  ol 
great  importanoe  to  determine  the  latitude 
vithia  8  or  10  milea.  it  *bb  thought  advitabla 
to  explain  thia  method,  whioh  may  be  need 
when  obaerrations  of  the  ma  or  moon  eaniiot 
be  obtained. 

Haling,  therefore,  the  apparent  time  of  ob- 
■ervation  (vhicb  maat  be  reckonod  from  noon 
to  noon  in  nnmerical  aucceuion,  that  ii.  6*,  A. 
M..  mitat  be  called  18<',  Ae.).  tmd  the  observed 
altitude  of  tjie  star  determined  by  a  fore  ob- 
aerraljon,  you  mnst  Hnbtraet  from  the  attitnde 
the  dip,  vhicb  is  in  general  4  minute*,  and  the 
refraction,  and  yon  will  obtain  the  trae  alti- 
tnde  of  the  star.  Then  the  sun's  right  ascen- 
sion cori^pondi^  to  the  given  day.  must  be 
fonnd  in  Table  VI.,t  and  addedtothe  »pp»- 
rent  time  of  observation  (rejecting  24  honn 
when  the  sum  exeeeds  24  hours) ;  with  ihat 
■um  enter  the  adjoined  table,  and  t4^e  oat  the 
eorresponding  correction,  \rhiah  mast  be  added 
to,  or  snbtraeted  Ironi,  the  tme  altitude,  ae- 
eording  to  the  direetions  in  the  table  ;  the  snui 
or  differenee  will  b«  the  latitoda  of  tlie  plM* 
of  obasrvatiaa. 


TO  FIKD  THE  LATITUDE  BY   AN  ALTITUDE  OF  THE  POLE  STAR  207 
EXAMPLE   I. 


Oboemd  ahitude Iff' 10* 

Hour  of  ofannratioD 7'  9"        Bub.  dip  4',  refiac.  If 7 

g?8  right  MMoaion *  *4  True  altitude 16    3 

Bum 11  83. Correction  oorroBprniding  add    1  81 

LMituda 17  24  W. 

EXAMPLE  II. 
On  the  14th  September,  1848,  at  S*  3>-  A.  M^  the  altitade  of  the  jitAe  Ku  wu 
94°  Iff,  wbeQ  the  dip  was  4'.    lUquimd  the  latitude. 

Ofanrred  allidide 24°  Iff 

Hourofoh8.a'2- A.M,  w...   14*   2»        Dip  4',  refiRc.  *,  sub. 6^ 

©"■  right ascenaiOM U  86  TnieaWtude 94  10 

Sum,  rejecting  24'. 1  30 ConBaptrndingcorrocthMHub.    1   26 

Latitude, 82  45  N. 

EXAMPLE  ni. 

a  25"  15-, 

ObMrvwl  aUnide 29'15' 

Hottr  of  oboervatioD S*1Xr        Suk dip^*, ndnc 9 6 

©■•  right  ascension JC  47  Truealdtude 25  09 

Bum 2147 Correction  cotreyBidingsuK    0  54 

Utitude 24  15  N. 

ID  be  taken  from  Uie  Nauiied  AlmBou,  lor  tha  boor  of  otwcmttaa,  reducsil  ID  QreeDwieb  linw,  bj 
ftddinj;  or  niblTarlin^  Ihe  lon^luda  lumed  inlo  lime. 

Ttai)  table  will  require  a  eometioB  altar  a  tew  y«an,  OB  Mtoual  oT  tk*  variation  of  dMliDalioa,  tnd 
rigbtaseeiuioDorUiellar.     ll  eorreipoiKte  Marij  la  Iba  yew  IBSO;  Tor  tvery  Tear  after  Ihal  lisie  ;rua 

at  aHJiode  about  ^^  part.  Thiu  Tot  the  year  1BT£  ibe  limea  miui  be  Inereaied  3i>  for  ibe  II  yean, 
Mlbuik  OS- mui  be  called  Ikim,  and  all  the  eorraetiou  of  altitudi.  laiut  ba  dBenond  gV  [at^ 
H*Bl  1«  IV  MM ba  1°  l»  aaaily, aod 0« 36' bM b« 0*  184 aaailr. 
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TO    FINO   THE  TIME  AT  SEA,  AND    REGU- 
LATE A  WATCH,  BY  THE   SUN'S 
ALTITUDE. 


Wk  have  alreadv  noticed  the  difierence  between  Ihe  civil,  BStroDOtnicBl,  nnd  uauti- 
eol  computation  ot  time  ;  but  hb  it  is  a  auliject  of  great  impoi-tance,  it  niny  not  ba 
iiniMCoasary  ogain  to  repeat,  tbat  a  civil  day  ia  reckoned  from  midnight  to  miduiglit, 
uid  is  divided  into  S4  hours;  the  first  12  hours  are  marked  A.  M.,  the  latter  12  hours 
P.  M.  being  reckoned  from  midnight  in  numeral  succession  from  1  to  12,  thea 
l)egtnniug  again  at  1  and  ending  at  13.  Astronuinere  begin  their  computution  at  the 
i<oon  of  the  civil  day,  and  count  the  hours  in  numeral  auccenion  from  I  to  24,  so 
thai  the  inorniDg  hours  are  reckoned  from  12  to  24.  Navigators  begin  their  compu- 
lation at  Doou,  12  hours  before  the  commencement  of  the  civil  day,  (and  24  hours 
before  tlie  commencement  of  the  astronomical  day,)  marking  their  hours  from  1  to 
12  P.  M.  and  A.  M.,  as  in  the  civil  computation. 

There  are  two  kinds  of  time,  mean  and  apparcDL  Mean  time  is  that  shown  by  a 
chronometer,  which  is  always  regulated  to  mean  solar  time.  Apparent  timt  is  that 
Hhown  by  thi>  sun,  estimating  the  apparent  noon  lo  commence  at  the  poaeage  of  hia 
centre  over  the  meridian  of  any  place.*  There  is  sometimes  a  difference  of  a  quarter 
of  an  hour  between  mean  and  apparent  time,  owing  to  the  unequal  motion  of  the 
earth  in  its  orbit,  and  the  inclination  of  its  axis.  This  difference  is  called  the  tqtiatioa 
tftimt,  which  is  given  in  Table  IV.,  A.,  or  more  accurately  in  the  Nautical  Almanac 
It  is  always  necessary  to  lakf  notice  of  the  equation  of  time  when  regulating  a  chro- 
u  solar  lime,  by  means  of  an  altitiidi:  or  transit  of  the  " 


We  may  obtain  ttie  apiuirent  time  atsea,  when  the  ship  makes  no  way  through  the 
water,  by  observing  an  ultitude  of  the  sun  in  tlie  morning,  and  again  in  the  atlernoon 
when  at  the  same  altitude,  and  noting  the  timet  by  a  cnronomcter;  for  the  middle 
time  between  these  two  observations  will  be  nearly  the  apjMrent  time  of  the  sun's  pai- 
Buge  by  the  meridian  ;  htuce  the  error  of  the  clironometi^r  may  be  found.  A  small 
correction  is  necessary  for  the  variation  of  the  sun's  dectitiatiun  during  the  interval 
between  the  olwc'rviitloiis,  nnd  the  melho<l  of  culculnting  this  correction  will  be  given 
in  this  worit,  but  this  method  cannot  often  Im:  made  use  of  at  sea,  by  rcnsoti  of  the 
motion  of  the  vessel. 

The  l)eBt  melhoil  of  obtaining  the  apparent  time  at  aea,  is  by  observing,  by  a  fore 
obacrvutioii,  the  altitude  of  the  sun's  lower  limb  when  rising  or  falling  fuMtcst,  or  when 
hearing  nearly  E.  or  W. ;  to  this  altitude  we  muMt  add  llie  semidiatneier  nnd  i)anillax, 
and  subtract  Uie  dip,  (or,  instead  of  these  three  corrections,  add  12',f  which  w.  II  answer 
very  well  for  an  oluen'ntion  taken  on  the  deck  of  a  common-uzed  veissel ;;  subtract 
also  the  refraction,  taken  from  Table  Xll.,  and  the  remainder  will  l)0  the  correct 
altitude.  The  ship's  latitude  must  be  foiuid  iit  the  time  of  observalion  by  carrying 
the  reckoning  forward  to  that  umej  The  declinHtion  must  be  taken  from  Table  IV., 
or  from  tlie  Nautical  Almanac,  and  corrected  for  the  sliip'a  longitude  ^  and  the  time 

'Thcreis.BsifeliaveBlnradynbHrvediaanDleoii  picr  117,  another  mcthodof  compuiiiif;  ih;  lime, 
made  Die  ol^  liy  aiironomert,  railed  SUtnil  time,  in  »liirh  ihp  iniervB)  beiWHii  i»<i  lurcessive  frwiiiii 
of  ■  fiird  ilHj  over  Ihe  meridian  it  eatiaiated  al  t+  hour!,  commencing  Ihe  daj  at  the  lime  ihe  lirai  poinl 
of  Ariel  Is  on  ilie  meridiaa,  »  Ihal  Uie  boor  in  (idenil  linie  li  the  una  ai  die  right  aieeniiun  of  iha 
DMiidlan. 

t  The  Kmidiciineiei  if,  in  noenl,  about  16',  tht 


neikHn  wUl  noi  diSer  mateiHlly  rrni 

t  Tbi)  miKi  be  carefully  niicnded   lo,  becauK,  when  Ihe  <l 
diKciKHi.  ilie   lailludc  ai  the  Udm  of  regulalinf  tbe  chroiioi 


6',  the  naraliai:  novor  exceeds  9",  and  the  dip  i>  about  4'i 
ive,  aad  ihe  lauer  tublraclive,  Ihe  efferl  of  all  three  eor- 
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of  the  min  from  the  moridiao  br  Table  V.  Then,  i/'lA*  tatiiwU  and  da-imabon  be  both 
aorlh  or  both  fouth,  n^lracl  the  ikdmation  firm  90°,  andjfau  loSl  haoe  the  polar  iJiafanM  ,- 
but  if  on*  be  norih  and  the  other  toulA,  add  Iht  declination  to  90°,  taid  goa  wUl  hoot  tt« 
polar  distoTux. 

Havinc  thus  found  the  correct  altitude,  latitude,  and  polar  diacance,  the  apparent 
time  of  DUB^rvHtion  may  l>e  found  b;  either  of  [he  three  following  methodB,  of  which 
the  first  is  the  mOHi  ajiiiple,  since  it  does  not  require  the  tahle  of  nslurul  sines,  alt  the 
logarithms  being  founil  ni  Table  XXVIf.  This  method  is  abridged  by  meanB  of  the 
table  of  hours  affixed  to  tlie  table  of  log,  sines ;  in  using  which  you  must  obserre, 
that,  if  the  sine  or  cosine  of  the  logarithm  sought  is  innrked  at  the  top  of  the  table, 
the  dtle  "  Hour  a.  m."  or  "  Hour  r.  Ml"  is  also  to  be  fouud  at  the  top,  and  the  contrary 
if  the  sine  or  cosine  is  murked  at  tbe  boitoin. 


FIRST  METHOD. 

Jdd  togtthei  the  eorrtd  Mtude  of  Ote  raa'i  centre,  the  latitude  and  the  polar  dulanee ; 
Jrmn  the  half-ran  nJitract  the  fun't  tdHivdt,  and  nob  the  renunnder.  Tarn  add  lor/ihar 
the  log.  lecanl  of  tht  latitude,  (^thi*  and  aU  the  other  loga.  btiMg  fomdin  TaHe  XXFII.) 
the  U^.  cosecant  of  the  polar  dittance.  (r^ecting  10  in  tack  indeXf)  the  log.  eorine  of  the  half- 
turn,  and  the  log.  wine  of  the  rtmttinder ;  halflhe  nuaiffthetejmirlogarithmi,  beoig  sought 
for  in  the  column  of  log.  sines,  tmli  conttpond  to  the  apparent  time  of  the  day  in  one  of  the 
hoar  eolimas.  To  this  apparent  time  we  muil  apph/  the  equation  of  time,  taken  from 
TiMe  IV.,  A.,  or  firm  the  JVimtieal  Mmatiae,  and  we  thaU  obtain  the  mean  time   qf  Ae 


EXAMPLE   I. 

Suppose  that,  on  the  lOlh  of  October,  1864,  sea  account,  at  8'  31",  A.  M^  per 
watch,  in  tbe  latitude  51°  3tf  H.,  and  longitude  130°  E^  from  Greenwich,  by  account, 
the  altitude  of  the  sun's  lower  limb  by  a  fore  observHtian,  was  13°  33',  the  cor 
rectiou  for  semidiameter,  paralliix,  and  dip,  12'.  Required  the  apparent  lime  of 
obaervBtion. 

By  Example  III.,  pa^  157,  the'declination  was  6°  4A'  S. ;  this  added  to  90^  gires 
the  polar  distance  9S°  VY.  To  the  sun's  observed  altitude  13°  33',  I  add  13  minute* 
and  Buhtmct  llie  refraction  4' ;  the  rainainder  is  the  correct  altitude,  13°  iff- 

©'s  correct  attitude..  IJ'iff 

latitude 51  30  Secant ......  030585 

foiar  distiuice 9G  40         Cosecant 0.00395 

Bum 161  60 

Half-sum 80  S5        Corine 9.19830 

©'a  altitude 13  40 

Remainder 67  16         SinK 9,96483 


a  the  cdumn  marked  A.      , 

Equation  of  time,  sub. 12  56 

Moan  time  of  obeeiratioii 7  54  60 

Tune  per  watch 8  31  00 

Watch  too  fast 36  10 


EXAMPLE  11. 

ftnppoM-that,  on  the  10th  of  May,  1836,  sea  account,  at  5'  30-  P,  M.,  per  watch,  !■ 
latitude  39°  54'  N.,  longitude  by  account  35°  45'  E.  from  Oreenwich,  the  altitude  of 
the  sun'a  lower  limb,  by  a  fore  oboervation,  was  IS"  iSf,  the  correction  tbr  dii^ 
ntrallax,  and  semidiameter,  being  13  minutes,  consequetilly  tbe  correct  altituM 
15^  64'     Required  the  t^iparenl  time  of  ofaMrvaiioa. 


SlO        TO  FIND  THE  TIME  AT  SEA  BY  THE  SUNS  ALTITDDE. 

By  RxEunpla  IV^  page  157,  the  sun'a  dvclinatioii  wu  17°  39*  N,  whidi,  being 
■ubiracted  from  90°,  leaves  the  polar  dUcance  7S°  31'. 

©'Haliilude 1^54' 

Secant <hll5Il 

Cooecaut....  003054 


Bum 138  19 

Hair-Bum 64  10 

©•aallilude 15  S4 

48  16 


Bine 9.83388  cort«BpoDdinD  to  which, 

.  kt  the  oolumn  P.M.,  ia. ...  S^S^'SS',  tlieapp>rent  timeat  theplatwof  obaerratioa. 
Equation  of  time,  aub.. .         3  49 
Mean  lime  of  obserratioD  5  80  39 
Time  per  watch S  30  00 

Watch  too  alow 0  00  39 

EXAMPLES  TO  EXERCISE  THE  LEARNER. 

1.  In  1al]Eude36°39'S.,^a  declination  9°37'N.,  Eho  altitude  oftfaeQ's  lower  limb 
inthemorninKwasDbaervecriO°33';*  required  the  apparent  time.  Answer,  7' 23"  51*. 

3.  in  latitude  36°  31'  S^  Q'a  declination  8°  44'  N.,  altitude  0*8  lower  limb  in  the 
[Doming  10° 48';*  required  the  apparent  time.  Answer,  7''  03"' 


'b  declinHtion  33°  20'  N.,  obau-Ted  altitude  of^'a  lower 

_  ,"  req LI iriHl  the  apparent  time.  Answer,  5' 41". 

4.  In  latitude  3°  31'  B.,  ©'a  declinatioD  20°  3*  &,  obaerved  altitude  ©'s  lower  limb 


the  afternoon ;  required  the  apparent  time.  Answer,  3''  18~  47'. 

5.  Iti  hititude  13°  17'  N.,  ©*8  declination  33°  10*  S.,  in  the  luoming  obscned  altitude 
ttf©"*  lower  limb  36°  36';"  required  the  apparent  time.  Answer,  9*  17"  8', 

CT  In  lutitu^  31°  d&  8.,  <^g  declination  3°  37'  S.,  in  the  morning  observed  altitude 
of  ©'a  lower  limb  35*46' j^  required  tlie  apparent  time.  Answer,  8°  29"  50". 

SECOND  METHOD. 

E^d,  HB  m  the  former  method,  the  sun's  correct  altitude,  the  ship's  latitude,  and 
the  polar  dinancoj  thence  the  sun*)*  correct  zenith  distance,  and  the  complement  of 
latitude;  then  add  tagtOter  Ihe  ztnitk  itiManee,  eo-latibuk,  and  polar  dittatKt;  from  ha{f 
their  turn  tuUrod  the  tenith  datana,  ami  note  tiu  remaimkr.  Add  logtthir  tfit  log. 
coteamt  of  the  eo-latilvde,  [Hut  and  all  Iht  other  logt.  being  found  in  Ttdtlt  XXVH^)  Me 
log.  eoaeixmi  ofthejMlar  ditltmct,  {njftlini^  10  in  taeh  imlex,)the  tint  of  the  kalf-aum  and 
tte  tint  of  the  nmtdnda  ;  half  the  turn  of  thrte  fow  logarithm*,  being  found  among  the 
log,  eoiinea,  toili  eoiraipond  tn  one  of  the  adjomed  ealaimu  to  Ihe  apparent  time  of^daif. 
Tlat  may  be  rtduetd  to  meantijat,by  applyitig  lite  equation  <jf  time  found  ia  Ihbte  IV.,  tS., 
erinihe  fi/autical  Almanac 

The  preceding  eiunplea  I.  and  II.  are  tbua  worked  by  thia  method : — 

KXAMPLE   I. 
90°  ff  90°  0"  90»  ff 

©lacor.alt...  13  40  Latitude. ..  51  30      ©'adoc...    6  40 

Zen.  distance  76  30  Co-lniitude  38  30      Polar  disL.  96  40 

Co-latitude  . .  38  30      Coaecant  O.yu.'iHS 
Polar  diatancB  96  40      Cosecant  0M.-i95 


Remainder  ..  39  35      Sine. . . .  ^.«U22 
2)I9.H»<340 
Cosine..  OiMlTO  coRBVpoading  to  which inthecotnnui  A.H 
is  8*  7'  4C*,  the  ajqiareiit  time  of  day,  wnicb  sgreea  nearly  with  the  other  method. 

*  Tbe  eorrcciioD  for  dip  aad  Nmidiuoeler  beiDC  If  addHira,  te  eonvctioo  fin  nOacliaa  is  alw  U 
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©^cor.ah...  15  M 
Ken.  distanee  74  6 
Co-latitude  . .  50  6 
P<dBr  dJBtanca  78  31 

Sum 196  43 


EXAMPLE  n. 

90°  0'  90°  O* 

Utitude.. .  39  54  ©*•  d«j.  . .  17  89 

Co-lalitude  90    6  Pokr  dM..  73  31 


CoeiDe..  9.87241  coireiponding  to  which,  in  the  column 
P.  M.,  B  5^  34'  35',  the  apparent  tiiuie  of  d&y,  which  agree*  nearly  with  the  fim 
iDetiiod. 

Bf  the  preceding  method  you  may  find  the  beginning  or  ending  of  the  twilight,  by 
edculaiing  the  hour  when  the  tun's  zenifh  distance  ii  106°,  (or  when  the  buu  is  1^ 


EXAMPLE  III. 


Zenith  distance 106°  0' 

Go-latitude 47  37 

Polar  distance 66  33 


eornapoflds  to  S''  6"  20>  A.  M.,  and  D" 
af  the  twilight  in  the  morning  was  s 
d*  53-  40*,  apparent  time. 


Half-sum ctwins  9.43460  which 

13"  40'  P,  M.    Therefore,  the  first  apjieanince 
8'  6°  30*,  and  the  end  of  it  in  the  evening  at 


ITORD  METHOD. 

If  the  sun's  declination,  and  the  latitude,  he  both  north  or  both  south,  take  thpir 
difference,  but  if  one  be  north  and  the  other  south,  take  their  sum,  and  from  iha 
natural  coaine  of  this  difTurencc,  or  sum,  suboaci  the  natural  sine  of  the  true  altilurie, 
(both  being  found  in  Table  XXIV.;)  Snd  the  log.  of  their  difference,  (in  Table  XXVT. 
add  thereto  the  lo^.  secant  of  the  latitude  (from  Table  XXVIL]  and  the  log.  secant  of 
(he  sim'a  dsclinatiOD,  (from  the  same  lablo,!  rejecting  10  in  each  index;  ^e  sum  of 
diese  three  logarithms  being  fbund  in  the  column  of  ruing  (Table  XXITI.)  the  hour^ 
nimutes,  and  seconds,  corresponding,  wilt  be  the  apparent  time  fhnn  noon ;  and  by 
■[mlying  th«  equation  of  time  to  the  apparent  time,  we  get  the  mean  time. 

Tbe  preceding  axaraplea  L  and  IL  are  liius  worked  by  this  third  mediodt— 
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SI3        TO  FIND  THE  TIME  AT  SEA  BT  THE  SUN'S  ALTITIJUB 

EXAMPLE   I. 

Latitude Sl^aiXN.  Secant..  030585 

Declinatioa...    6  40  B.  Secant..  (MKKt96 

Slim 56  ID  NsLMMtne 5S7<15 

SuQ^  cor.  alL.  13  40  Nataine 33687 

Difiei«uc«....  agllS        Log.....  4.46J16 

4.67296       coin 

■ponding  to  which  in  thecfriuDiD  of  liring.  is 3"  6S~  14> 

12 

Subtracted  from  13*,  leaves  the  ^parent  tinte.  8  7  46 

E(]uaiion  of  time sub.  13  56 

Mean  time  ofobaerration 7  54  SO 

'nmeperwatch 8  31  00 

Watch  too  fast  per  mean  time 36  10     agre^ng    iwari} 

with  die  other  methods. 


EXAMPLE  II. 

Utinide 39°54'N.  Becam..  0.11511 

Declination  ...  17  39  N.  Secant..  O.0Sfi54 

Diflerence SS  25  NbL  co^e 92444 

Cor.  aititude  . .  15  54  NaL  sine 37396 

Differenes....  65048        Log.....  4^1334 

4M889       com 
qkonding  to  vriuch,  in  colunm  risniK,  is  apparent  time  5"  34^30* 

Eq.Httioii  of  time sub.        8  49 

Mean  time  of  obsemtkn 5  30  41 

Time  per  watch 5  30  00 

Watch  too  Blow 41      agreeing    nearly 

with  the  other  methods.  The  differences  between  the  results  oi  the  difTerenl 
methods  arise  chiefly  from  not  taking  notice  of  the  seconds  in  the  ansleat  and  some- 
tiiiies  from  not  having  the  nattnal  sines  and  corines  to  6  or  7  places  of  decimals ;  and 
we  remarii  geneisJIy,  that  it  Is  slwajs  beat  to  retain  the  seconds  in  the  colcuiatioa 
Tliis  is  easily  done,  in  the  lint  and  second  methods,  by  means  of  the  cdnnms  A,  B 
of  proportional  parts  in  Table  XXVII. ;  and  by  retaining  the  secandB,  we  are  sure  t« 
obmin  a  mere  correct  mult  in  the  calcdaiion. 
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TO   FIND   THE  TIME  AT  SEA   BY  THE 
MOON'S   ALTITUDE. 


Ii  ]fl  pretty  n 

DM  the  moon's  altitude  for  tiBilina  tbe  mean  boIht  lime  at  the  ship,  which  is  required 
in  detemibing  the  longitude.  For,  hi  the  present  improved  Hiate  of  the  Nautical 
Almanac,  we  can  easily  find  the  moon's  right  ascensioti  and  declination  for  that  lime 
at  Greenwich,  without  the  very  troublesome  operation  of  inteqiolating  for  tlie  eecond 
end  third  differences,  as  was  necessary  in  the  former  arrangement  of  that  epheriieris. 
Even  without  a  chronometer  thus  regulateil,  the  time  at  Greenwich  can  be  obtoiued, 
if  we  know  the  longitude  of  the  afaip,  as  well  as  the  mean  time  al  the  place  of  obser- 
vation, by  a  watch  that  "Will  gite  it  with  a  considerable  deeree  of  accuracy ;  because, 
by  adding  the  longitude  in  time  to  the  time  by  the  watch,  if  the  longitude  be  west,  or 
subtracting  it,  if  the  longitude  be  east,  we  afaall  obtain  the  correaponding  time  at 
Greenwich.  We  must,  however,  always  keep  in  mind,  that  the  accuracy  ofan  obser- 
vation of  this  kind  depends  oa  the  certainty  with  which  the  time  at  Greenwich  is 
computed ;  because  an  error  in  this  estimate  affects  tlie  moon's  right  ascensiOD  auil 
dechnation,  which  trequencly  vatr  rapidly,  as  may  be  seen  by  the  inspection  of  the 
Nautical  Almanac,  where  we  aliall  find  that  in  a  minute  of  time  the  right  ascension 
may  vary  more  than  S>,  and  the  declination  roore  than  15". 

When  we  wish  to  ascertain  the  time  by  this  method,  wo  must  observe,  with  a  fore 
observation,  the  altitude  of  the  moon's  round  limb,  and  at  the  same  instant  the  time 
by  the  WHlch  or  chronometer,  which  is  supposed  to  be  regulated  lo  Greenwich  limu. 
With  this  time  at  Greenwich  we  must  take  from  the  NauticaJ  Almanac  the  jun'j  rwW 
meetuion.  Hit  moon'i  right  aicention,  Oie  mooa'i  dedination,  (At  moon's  horaontai  paraUar, 
and  Ok  moon'i  laniJiameia;  to  which  uk  >niu<  add  the  tmgmenLdion  fivm  Ta)ile  XV. 
To  the  observed  altitude  we  must  apply  the  correction  of  the  moon's  semidiameler, 
by  adding  it,  if  ilie  lower  limb  be  observed,  or  subtracting  it,  if  the  upper  limb  be 
obeerved ;  from  this  sum  or  difference  we  must  subtract  the  dip  of  the  norizon,  am' 
we  shall  obtain  the  moon's  central  altitude.     To  this  we  must  add  the  correction  for 

rdlax  and  refraction,  and  we  shall  obtain  the  moon's  correct  altitude,  which  is  to 
used  in  the  rest  of  the  calculation.  This  correction  for  parallax  and  refraction 
can  easily  be  found,  as  in  page  171,  by  means  of  Table  XDL,bYBubtractins  the  tabu- 
lar number,  corresponding  to  the  altitude  and  horizontal  parallax,  &om  5^  43" ;  the 
remainder  will  he  the  correction  for  parallax  and  refraction,  to  be  used  as  above ;  and 
lh«n  we  find  the  time  by  the  following  rule: — 

RULE. 
Add  together  the  moon's  atrred  altitude,  the  ship's  latitude,  and  the  polar  distance ; 
from  the  half«um  subtract  the  moon's  correct  altitude,  and  note  the  remainder ;  then 
add  together  the  log.  secant  of  the  latitude,  the  log.  cosecant  of  the  polar  distance, 
(rejecting  10  from  each  index,)  the  log.  cosine  of  the  half-sum,  and  the  tog.  sine  of  the 
remainder;  half  the  sum  of  these  four  logarithms  will  be  the  log.  sine  of  half  the  hour 
angle ;  take  nut  the  corresponding  time  in  the  column  marked  P.  M.,  in  Table  XXVII., 

__5     ___...    ■ .    _     ,         -.u.    :...      I.     _. .1.  .! ,.  ._    .u jg    g^j^    jjj 

will  be  the 

right  ascenuon  of  the  meridian.  From  the  right  ascension  of  the  meridian  (increased 
by  34  hours  if  necessary)  hiibtract  the  sun's  right  ascension ;  the  remainder  will  be 
the  apparent  time  at  the  ship,  and  by  applying  to  it  the  equation  of  time  Ibund  in 
the  Nautical  Almanac,  we  shall  get  the  reqiured  mean  solar  time  at  the  meridian  of 
the  place  of  observation. 

EXAMPLE. 


£14      TO  TUtD  THE  TIME  AT  SEA  BY  THE  MOONS  ALTITDDE. 

weal  of  th«  meridiBD,  uri  foimd  to  be  60°  2?  8*,  the  latitude  of  tbe  place  10°  aV  If , 
and  tlic  dip  4'.    Required  the  mean  time  of  observatioD, 

We  have  from  the  Nautical  Almanac,  for  tfaa  time,  Not.  W  S^  53",  the  bud'*  right 
aKCDsion,  16"  23-  45- ;  the  moon's  nghi  ascenaion,  9'  2^"  23* ;  the  mooD'a  declina- 
tion, 20°  33'47"  N.,  or  polar  diitance,  69°  37'  13";  the  moon'i  horizontal  parallax, 
54'  ay  ;  the  mooo'i  aemidiaiiieler,  14'  49*  -|-  Aug.  Table  XV.  14"  =  15'  9". 

J>B  obterred  dtitude,  upper  limb 60°  35*  06' 

^'b  aemidiameter mib.        IS  08 


Parallax  and  refhictlon^K  

^'8  correct  altitude OO  38  39 


1>'8  correct  altitude . 

....  60=32' 39* 

3>'s  correct  altitude.. 

....  60  33  3» 

Sine gjaeos 

Sum g)lEL851Q5 

Half-<um .  ■ .  eine  9.425S2 
Corresponding  to  tfaia,  in  thecolnnm  P.M.,  is r 3^03*38* 


Sum(b«ing  we«ofthemerid.)g)Tesrightascenaionorthe  meridian  11  29  59 

Subtract  the  sun's  right  asceimon 16  39  45 

Gives  the  apparent  time  at  the  ship 19  07  14 

EquatioQ  of  time auK  11  19 


Dillbrence  is  the  longitude  bj  the  chronometer 7  56   05W 

It  very  frequentlj  happens,  that,  a  few  minutea  before  or  after  taking  the  sun"" 
Meridian  aiiitude  lor  the  determination  of  the  latitude,  tre  can  observe  the  moon's 
altitude  for  the  regulation  of  the  time;  and  as  the  latitude  by  obeervation  is  tlien 
KIK>wa  accurately,  without  depeniting  on  the  ship's  run  Ibr  any  cousidenble  length 
of  tune,  U  will  operate  to  render  the  regulation  of  the  chronometer  by  the  moon's 
altitude  more  accurate.  In  like  manner,  if  we  obeerve  the  latitude  by  the  moon's 
meriJiBii  BRitude,  we  con,  at  neariy  the  same  time,  take  an  obaerraticn  of  the  sun's 
oltituilk  <w  MK-iiaic  Um  CI 
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TO   FIND    THE   TIME    AT   SEA    BY  A 
PLANET'S    ALTITUDE. 


Wk  tnoy  line  either  of  the  large  planets,  Jupiter,  Saturn,  Mars,  or  Venus,  foi 
determiriiiig  Ihe  time  at  sea ;  ana  the  process  ia  very  nearly  the  aamu  bb  that  In  th« 
preceding  sectmn,  where  the  moon's  altitude  ia  used.  In  this  caae,  we  must  ascertain 
the  time  of  obeervalton,  reduced  to  the  meridian  of  Greeuwicfa,  either  by  a  chronom- 
eter regulated  to  that  meridian,  or  by  knowing  pretty  nearly  the  mean  time  of  obeer- 


B  ship,  and  the  longitude ;  fbr  By  adding  the  longitude  in  time  to  th 
mean  time  at  the  ship  by  the  watch,  if  the  longitude  be  west,  or  Hiibtractiiig  the 
longitude  if  it  be  east,  we  shsil  obtain  the  corresponding  time  at  Greenwich.  With 
this  time  at  Greenwich,  we  must  take,  from  the  Nautical  Almanac,  tkt  sun'i  tMI 
oficnmn,  Iht  platiti'i  r^tl  oMceniion,  the  planet's  dedinalion^  or  polar  dutaiKc.  'rhe 
parallax  and  semidlameter  might  also  be  noticed,  but  the  corrections  from  these 
quantities  are  so  small  that  they  may  be  neglected,  as  only  amounting  to  a  few 
seconds.'  Tiien  from  the  obserred  central  altitude  of  the  planet  we  muat  aiihtruct 
the  dip  and  the  refraction,  and  we  riiall  obtain  tlie  planet's  correct  altitude.*  With 
dieee  we  may  find  the  time  by  the  following  rule : — 

RULE. 
Add  together  the  planet's  correct  altitude,  the  ship's  latitude,  and  the  polar 
distance;  from  the  half  sum  subtract  the  planet's  correct  altitude,  and  note  the 
remainder;  then  add  together  the  log.  secant  of  the  latitude,  the  log.  cosecant  of  the 
polar  distance,  (rejecting  10  from  each  index,)  the  log.  cosine  of  the  holf'Sum,  and  the 
log.  sine  of  the  remBinder ;  half  the  sum  of  these  four  lof^ithms  will  be  thn  log.  sine 
of  half  the  hour  angle;  take  out  the  corresjKtuding  lime'm  the  column  markeil  P.  M., 
Table  XXVI  ].,  and  apply  it  to  the  planet's  right  ascenBion,  bv  subtracting  from  the 
right  ascension  when  the  planet  is  east  of  the  meridian,  or  adding  when  west  of  the 
meridian  ;  the  sum  or  difierence  will  be  the  riuht  ascension  of  the  meridian.  From 
the  right  BscenBioD  of  the  meridian  (increased  by  34  houra  if  necessary)  subtract  the 
'a  right  ascension ;  the  remainder  will  be  the  apparent  time  at  the  Hhip ;  and  by 
~    '    '  "  '     >i  found  in  the  Nautical  Almanac,  we  shall  get  the 


EXAMPLE   I, 

In  the  latitude  iV  ^  N^  and  longitude  70=  15-  W..  on  .Hay  aS"  7"  18-  35',  astro- 
Domical  time,  by  a  watch  which  was  very  nearly  regulated  for  mean  time  at  the  ship, 
observed  the  central  altitude  of  the  planet  Jupiter,  by  a  fore  observation,  and  found 
it  to  be  3S°  !&  3S"  ;  the  planet  bein^;  to  the  west  of  the  meridian,  and  the  dip  4'  8" 
Required  the  mean  time  of  abservauon  at  the  ship. 

Adding  the  loneilude  4'  41-  to  the  time  by  the  watch,  we  get  the  mean  time  at 
Greenwich,  May  26^  11"  59°  35';  and  with  this  time  we  get,  from  the  Nautical 
Almanac,  the  sun's  right  ascension  4"  15*°  04* ;  Jupiter's  right  aacensioii  7'  8°  32* ; 
Jui^tefs  declinatitm  SQ°  46'  39"  N.,  or  polar  distance  67°  11'  21". 

•  When  very  grest  Ktunry  it  reauired,  m  may  noiiee  ihe  puniliu  in  dliiude.  whii-h  is  h-md  in 
Tsble  X.  A.,  »n3  ii  lo  he  added  id  the  comtx  allihide  tomnulert  by  Ike  above  rnle.  Wc  may  aiio 
Bud  Ibe  cocreelion  of  rerracliDn  and  psraliai,  hy  enteTrnit  Tnhle  XVll.  In  the  nan  eorrHponchnc  lo 


am        TO  FIND  THE  TIME  AT  SEA  BY  A  PLANETS  ALTITiJDlf 

Olwerred  fthitude 32°  Id*  33" 

Dip  a  8",  ref.  1'  30".  .»ub.  5  38 

Correct  altitude 32  10  45 

Latitude 43  S3  00         Secant aiSUI 

Polar  disiaiiM 67  11  21  Cosecant 0.03S37 

Sum 8)141  44  qC 

Hair-mim 70  53  03         Coone  .,...  9£iSi& 

'Altitude 33  10  45 


■  9.795W 
)  19.478)1 
e  9.73U16 


of  meridian 11    34  38 


It  the  ship , ^.,    7  16  30 

t  if  Sy>  too  tilow  for  apparent  tin)« 


EXAMPLE  II. 

Janiiorv  5^  15"  40"  34',  lESfl,  aatronomical  meui  time,  at  a  ptnce  in  tl  e  latitude  of 
94°  16'  Nn  tonpliido  34°  Sff  W.  of  Greenwich,  oltaervfrd  ttie  reiitnil  oldtiidc  of  the 
planet  Saiiirn,%  a  fore  olmcrvation,  and  fouiid  it  to  be  !28°  15';  the  planet  being  east 
ofthenieridlaUtand  the  dip  ^41".    Reijuired  the  mean  time  of  observatiun  at  tlieahip. 

Addiny  tliu  loneiliiHe  3'  19"  44>  to  the  lime  by  the  walcb,  we  ^i  tlie  ntcaii  liinc  al 
Un!enwidi,Juii.5'il8''O0"O8';  and  witb  thia  time  we  get  from  the  Nauticul  Aliiiaiuic 
tlie  anil's  rigbt  ugcciiHioti  19»  5"  13' ;  Suiurti's  ripflit  aaceuaiou  14"  10-°  £2* ;  Satura'a 
ducliiiaiiou  10°  36'  17"  S.,  or  jwlar  diwiuice  100°  Sff  17". 

Olwervcd  altitude 28°  Iff  00" 

Dip3'4l",  re(:i'46P,8Ub.  5  27 

Correct  altitude 28  0!)  33 

Liaitnde 84  16  00         Secant 0.04018 

Polar  diittance 100  36   17  Coaecunt 0.00749 

Sum 2)153  01  50 

Hiilf-sum 


Keiniiinder 48  21  ! 


Sine »Jg34H 

Sum ajlOJfi^ 

Half-«um eine  9XM443 


Corresponding  to  th»,  in  column  P.  M.,  ie. . 

Sitturn  s  riglit  ascension 

Diflerence  (iiein);  east  o   .  . 
Add  24',  and  aulitract  the  w 


TO  FIND    THE    APPARENT   TIME   BY    A 
STAR'S    ALTITUDE. 


Correct  the  obHerred  altitude  for  tbe  dip  and  refrnction,  (the  dip  Iwiiig  genemlU  4 
■niuiites  when  the  obscrvHtion  is  taken  on  the  deck  of  a  connooii-sized  vesw-'t ;)  nncl 
the  ship's  latitude  at  the  time  of  observalion,  and  the  Htar'B  right  aHcensioji  and 
decttnation  in  Table  VIII.*  Add  together  tbe  nor'a  correct  altitude,  the  iihi]>'B  lati- 
iude,  and  the  polar  distance ;  from  the  half-sum  subtract  the  stai''s  ollitude,  aiid  note 
Lie  remainder.  Then  add  together  the  log.  meant  of  the  latitude,  the  iojC.  cosecant 
of  [lie  polar  distance,  (rejecting  10  in  each  indfix,)  the  log.  cosicie  of  the  hulf-auin,  ant' 
the  log.  iiiiie  of  tho  remainder;  half  the  sum  of  these  four  logurillirna  will  lie  the  log. 
-'—\e  of  hulfthe  hour  angle ;  take  out  the  corresponding  tinie  in  the  column  tnarkec* 


?.  M.  (Table  XXVII.)  and  applj  it  to  tho  star's  right  ascension,  by  sitlitracting  wliei 
the_  star  is  east  of  the  meridian,  or  adding  when        -    -  -■  -■ 


It  of  the. 


difference  will  be  the  right  ascension  of  the  meridian.  From  the  right  oscousi 
the  meridian  (increased  by  24  bouia  if  necenarv)  subtract  the  suu'e  right  aeceiiaion, 
taken  firom  the  Nautical  Almanac ;  f  the  remainder  will  be  the  npjjiireni  time  at  the 
ship,  and  bj  applying  to  it  the  equation  of  time,  we  get  the  mean  tiine  at  the  ship. 

EXAMPLE  I. 
Suppose  that,  onSei>teniber8'14*19*S0',1836.BBtronoinical  time,  as  ahown  hy  a 
chroootiieter,  regulateilto  mean  time  attireenwich,  when  in  the  latitude  of  7^  45'  8., 
and  longitude  of  W'  I'JI  E.  fitim  Greenwich,  the  alliluJe  of  tlie  star  Proiiycm,  beinv 
then  east  of  the  meri<lian,  was  observed  by  a  fore  observation,  and  found  to  be  28°  lli, 
and  the  dip  4'.    Required  the  mean  time  of  observation  at  the  ship. 

By  inspection  in  the  Nautical  Almanac,  we  find  that,  on  the  above-menlioiied  day 
f  nx-yon'a  right  ascenuon  was  7'  30~  44*,  and  the  declination  5^  X>'  N^  or  polar 
distance  95''  <&)'  nearly,  agreeing  neaHy  with  the  result  from  Table  VIII.,  corrected 
tor  the  annual  variations,  &c. 

Sun's  right  ascension  by  Nautical  Almanac,  SepL  8,  at  mean  noon. . .  11*  07~47' 

Correction,  Table  XXXI,  (br  14»  19"  10*.  mean  time add         2   09 

Sun's  right  ascenwoa  at  the  time  of  observation II  09   56 


Plff 

:L,sub. 6 

Star's  correct  altitude 38   10 

Latitude 7  45 

Polar  distance 95  39 

Sum 2)131  34 


'VLIll  )  bill  in  generBl  ihew  corraeiloni  aiaj  be  aeKlecled.    TbcK 

laSlv  for  ever?  leu  dayi  la  Ibn  yur;  and  when  uiy  o(  IbMC  (Isn  are  u»il,  (be  placei  m 
out,  in  die  neareii  day,  from  Ibe  Naulica]  AIhibuhc.  withoul  wiy  runhcr  coiretlian,  becm 
Hirni  in  lan  dayi  are  very  email.  Tliu>,  ou  July  19,  1836,  Pmcyon'ii  nsbi  aict'usiun  wn 
nerlh  polar  distance  St°  tV  19",  or  y  SB' 31"  N.  declmalion,  rorresponilTni-  to  05"  39'  41 

I  Tbs  ■u'l  light  ucaiuiojp  and  the  equalioB  of  lime  are      ' 


Tabic!  XLU 


218       TO  FIND  THE  APPARENT  TIME  BY  A  STARS  ALTITUDE. 

Corre^iouHing  to  this  half-etini,  in  Table  XXVII^  m  column  P.  M.,  ia    4^  03°>  Ot 
SiBrt  righi  aacension 7  30  4< 

Right  BBcenBion  of  the  meridkn 3  88  40 


Incriased  by  24»,  it  ie 27  KS  40 

Subtract  the  sun'H  riglit  ascengion II   09  56 

Leaves  the  apgHkrent  time  at  die  ahip 16   16  44 

Equation  of  time  by  tlie  Nautical  Almanac sub,  2  43 

Mean  time  at  the  sbip IS  16  01 

Now,  the  time  by  the  chronometer  being  14*  19"  SW',  it  was  loo  slow  for  apparent 
lime  by  1"  59"'  34',  or  1'  56"  41*  loo  alow  for  mean  tio^e. 

We  liave,  in  this  example,  suppoeed  the  time  M  Greenwich  to  be  given  by  th« 
clironometer,  which  is  tlie  most  simple  way  of  proceeding;  but  if  you  lisve  no 
chronorneier,  regulmed  to  Greenwich  time,  you  muttt,  in  the  usual  manner,  estimoln 
as  nearly  hs  you  cmi  the  lime  at  Greenwich,  by  udding  the  longitude,  if  west,  to  the 
time  at  tlie  ship,  or  aubtisctlng  the  longitude,  if  ea«t ;  and  then  use  thie  time  iu  finding 
the  uuniheru  lironi  the  Nautical  Almaaac 

EXAMPLE  II. 

Suppose  thnt,onAprill6'15'13"03',ia36.asironomica]  time,  as  ehown  by  a  chro- 
norneier, regulatml  to  mean  time  at  Greenwich,  when  m  the  latitude  of  4S°  57'  N, 
and  lungitutle  of  67°  35'  W.,  the  altitude  of  Aldebaran,  when  west  nf  the  meridian, 
was  22°  25',  and  the  dip  4'.     Required  the  apparent  time  at  tlie  ship. 

In  the  Nautjcal  Almanac,  we  fmd  on  thai  day  that  Aldebaran's  right  ascension  waa 
4*  »!-  \iO',  declination  16°  Iff  N^  or  polar  distance  73°  50. 

Sun'a  right  necenaion  by  Nautical  Atmanac,  April  IQ*,  at  mean  noon     ..   l''38"30* 

Cor.  Table  XXXI.,  for  IS"  13"  03' 1   53 

Suu'b  right  ascension  at  the  time  of  obaervuion .14013 

Stai'e  obeernfd  altitude 22^  2S' 

Dip  4',  refraction  »,  Tab.  XI!.   6^ 

Star's  correct  altitude 3Q  19 

Latitude 48  57  Secant 0.18262 

Polar  distance 73  50  Coeecant a017S3 

Sum 8)145  Qg" 

Half-sum 72  33        Coaina 9.47694 

Altimde 22  19 

Remainder 50  14        Siae 9.88573 


Corresponding  to  this  half-sum,  in  Table  XXVIL,  column  P.  M.,  is. . . .  4'  57" 33* 
Star's  right  ascension 4  36  30 

Right  ascension  of  the  meridian 9  24  03 

Subtract  the  aun'a  right  ascension 1   4Q  13 


This  method  of  obtaining  the  time  by  the  stars  would  be  accume,  if  a  good 
horizon  could  be  obulned ;  l)ut  as  that  is  not  always  tbe  case,  it  is  best  to  regulal« 
vour  watch  by  the  sun. 


the  ihip,  J  the  uiual 


given  bji  a  cbroooRHtcr,  or  by  applylag  tbe  longitude  to  Ibe  eMukaled  '.n 


TO    REGULATE    A    CHRONOMETEK    BY 
EQUAL  ALTITUDES  OF   THE  SUN. 


A  cHKonoxfKTim  maj  be  regulated  on  ihora  hr  obnerving  in  the  morning  anil 
arening  the  times  wben  the  sua  IB  at  the  laiiie  utibide,*  for  the  middle  l>etween 
these  times  would  be  the  apparent  time  of  noon  by  the  chronometer,  if  the  declinstion 
of  the  BUD  rem&iiied  the  same  during  the  obeervation ;  but  if  the  declination  TarieB, 
as  K  generally  the  case,  the  apparent  time  of  noon,  determined  in  this  manner, 
which,  for  distioclion,  we  shall  call  the  middle  finu,)  must  be  corrected  for  the  cliuiiea 
of  declination  by  an  oauation,  called  the  equaiiot*  qT  tqual  allitudu,  and  the  miditle 
time  thus  eoirected  will  be  the  correct  time  of  apparent  noon  by  the  chron  on  titer. 
For  greater  accuracy,  several  altitudes  should  be  taken  in  the  morning,  and  corre- 
sponaiug  ones  in  the  afternoon,  and  the  mean  of  the  limes  of  the  morning  and 
evening  obeervalions  should  be  respectively  taken,  and  the  equation  of  equal  alti' 
tudes,  conesi>oDdins  to  the  mean  of  sU  the  obaerrationa,  must  be  calculated  and 
applied  to  the  middle  time,  as  if  a  single  set  of  observations  only  had  been  taken. 

In  noting  the  times  of  observation,  we  must  count  the  hours  in  fiumcral  euecead'jn, 
so  that  if  some  of  the  observationB  are  taken  before  IS''  by  the  chronometer,  and 
others  after  li",  the  next  hour  to  IS'  must  be  called  I3^  the  next  14^  Slc  Half  the 
sum  of  the  tiinea  of  observation,  corresponding  toanyset  ofobeervBtioaSifortbemean 
of  a  number  of  observations,)  will  be  the  middle  time,  and  llie  dijierence  of  the.tiniea 
of  observation  will  be  the  elapsed  time. 

The  equation  of  equal  altitudes  consists  of  two  part^  which  may  be  calculated  by 
the  lblk>wing  rule' — 

RULE.    . 

1.  To  the  constant  lof^  8.BS39  add  the  log.  cotansent  of  the  latitude,  the  log.  sine 
cnrresponding  to  the  elapsed  time  found  in  the  column  V.  M.  of  Table  XXVIln  the 
propoitional  logariihm  of  the  hours  and  minutes  of  the  elapsed  lime,  reckoned  as 
minutes  and  seconds,  and  the  proportional  logarithm  of  the  daily  variation  of  the  sun's 
decUnatioo ;  the  sum  (rejecting  30  in  the  index)  will  be  the  projrartionoJ  logarithm  of 
the  firet  part  of  tlie  equation  of  equal  altitudes,  reckoning  minutes  and  seconds  as 
seconds  aiid  thirds  respectively. 

2.  To  the  consUint  log.8.8a39add  the  log.  cotangent  of  the  Hun'a  declination,  the  log. 
tangent  corresponding  lu  tile elapeed  time  found  in  the  column  P.M. of  Tablo XX Vlf., 
the  proportional  losaritiim  of  Ilie  hours  and  minutes  of  the  elaiised  time  reckoned  as 
minutes  and  seconds,  and  the  proportioiial  logarithm  of  the  daily  variation  of  tliesun's 
declination  ;  the  sum  (rejecting  30  in  the  index)  will  be  the  projiortianal  logarithm  of 
the  teamdpart  of  the  equation  of  equal  altitudes,  reckoning  minutes  and  seconds  as 
aeronds  aiid  thirds  respectively. 

The  first  pert  of  the  equation  of  equal  altitudes  is  to  be  added  to  the  middle  time 
wlitn  the  sun  is  receding  trom  the  elevated  pole,  othei^se  suhtiacted  ;f  and  tbe 

second  part  is  to  be  added  when  the  doclinr-'-   '-        "- '"    --^  _■.— 

decreanng;]  these  two  corrections,  being  a 
apparent  time  of  noon  by  the  chronometer. 

*  Tlw  alriLudei  ibould  be  laken  when  ibn  kid 
wlwD  the  bearing  of  ibe  WD  »  neirly  eati  or  mni, 
irrwilv  refnctioD  near  the  honzoo.    In  Ruenl,  two  or  three  boun  from  noon  will  be  BudicieDt.    Aa 
Ulincia]  bomon,  farmed  bj  •  vaugI  BUeawilh  mercury,  mHy  be  lued  in  liJcinB;  tlicite  flllitudei. 

t  Tbiu,  in  north  iHiiudei,  ibe  Bnt  p«n  ii  lo  be  added  Trnin  Uie  tuinmcr  to  ibe  oHniec  wUuce,  wba 
~e  polar  riiiianea  ii  imniaumg,  and  Mibuactod  the  reil  at  the  year,  when  the  polai  diitaace  ii 

liere  «ip)Maed  that  ibe  elapeed  tinte  ii  leu  than  It  boun,  which  ii  j^eraUy  (he  cate ;  but  if 
ticeea*  IS  hoan,  the  leeoDd  pan  moil  be  applied  in  a  eooUwy  awnnei  lo  ibe  above  rulfc 
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Suppose  that,  on  the  9tb  of  May,  1836,  civil  Bc«<>niH,  In  th«  latitude  of  40'  N^  and 

longitude  10°  W^  the  roltowins  observations  were  taken  at  equal  altitudes  of  the  iuo; 
required  the  error  oftlie  watcE. 

JBL  ©■*  lower  iimi.                          T^mtM  per  ehron.  Tuna  per  dmm. 

ISP  aV                                       6»  29-  51'  17'  ai-'  IS- 
IS 45                                        6  31  07  17  31  00 
15  55                                        6  38  14  17  39  54 
Sum        93  la  93  18 
Ueaa  6  31  04  17  31  04 


Uiflerence  is  elapsed  time 11  00  00 

Bum 3)24  02  06 

Hiddletime IS  01  04 

nonttantloR. 6.8239  8-8339 

Latitude  40° cotanpent  100763  Declination  17*37'.  cotaogenl  10.5036 

Elapseil  time  ll" sine    9ifJ(!S  Tangent 108806 

Elapsed  time  ll'.or  II' P.L.     1.2139  ljai39 

Vaiwuon  declin.15'46"*  P.L.     1.0575  1J575 

lit  pen  12"  14'"  P.L ^    1J67B         2d  part  0"  36*  P.  L. 2.478i. 

The  first  part  of  this  equation,  12"14"',isBulitractive,berausetheBun  is  proceeding 
towanb  tlie  elevated  pole ;  and  the  second  pan,  36'",  is  additive,  hecause  llie  declina- 
tion is  iiicreaiing,  ao  Uuu  the  whois  eqiiBtinn  is  about  13  aecoDds  auhtrartive;  tJiia, 
being  Hiiplieil  to  iJie  middle  time,  Vi''  l"  4>,  gives  the  time  of  ap;inrent  noon  by  the 
cbroiionieter,  1^°  0°'  SS",  so  that  the  cbronometiir  is  52  seconds  loo  faat  for  apixireiil 
tkne.  , 

■  On  Mhv  9,  ml  noon,  by  iha  NutienJ  AliMnac.  th*  daeHnuina  wai  17°  f6'  £T",  and  on  i>»  foll^.^ 
h»  noon  li"  4^'  13",  itw  difference  15'  U",  beiuc  th*  daily  vBriUion ,'  '^  J~i:~»:~.  .. 
lotto)  loi«Uudc  oT  10°  W..btmKn'trii.aBKly. 


idbyGooglc 


TO    REGULATE    A    CHRONOMETER     BY 
MEANS  OF  A  TRANSIT  INSTRUMENT. 


Tns  method  excels  all  othera  in  brcTity  and  accuracy ;  bat  it  cui  only  be  used  OB 
■horn,  and  witb  the  tramdt  iDstrument  that  has  been  ailjusted  with  the  fp^atett  possi- 
bte  care,  so  is  to  hafe  the  motioii  of  the  line  of  collimatioD  of  the  telescope  penTeclly 
m  the  plene  of  the  meridian-  We  have  already  given,  from  po^es  145  to  15S,  thn 
methods  of  making  these  Bdiustmenis,  and  of  observing  these  tnuisits ;  we  ahull  now 
insen  several  examples  for  illiistration. 

To  determine  the  time  by  the  nm't  transit  over  the  middle  teire  of  the  ttlescope. 
In  observations  of  this  kind,  we  must  note,  by  the  chronometer,  the  times  of  the 
transii  of  the  first  and  second  limbs  of  the  sun  over  the  meridian  wire ;  tlie  meun  of 
the  two  obeervHiions  will  be  the  time  of  apparent  noonf  by  the  chronometer.  Then 
the  equ&bon  of  time  is  to  be  taken  from  the  Nautical.  Almanac  for  the  aj>pari!nt  noon 
ai  Greenwich,  and  the  correction  applied  to  it  for  the  longitude  of  the  place  of  obeeT' 
mlioD,  which  is  eaailv  obtained  by  the  means  of  the  horary  variation  given  in  the  aanie 
woiic  ApplyioK  tnb  equation  to  the  apparent  time,  by  adding  or  aubtraciing, 
according  lo  the  direclioDB  in  the  Nautical  Almanac,  we  get  the  mean  time  of  ap- 

rent  noon.   The  difiensnce  between  this  lima  and  the  time  by  the  chmnometer,  will 
the  error  of  the  chronometer  in  mean  time;  moreover  the  difierencc  betiVE^en  th« 
lime  by  ilie  chronometer  and  13*,  will  be  the  error  of  the  chnwometer  for  a|)pBrerf 

EXAMPLE    I. 

Near  noon,  at  the  commencement  of  the  ^S*  of  January,  1836,  according  To  the 
•smnomical  computation  of  rime,  in  a  place  30°,  or  3°,  west  of  Greenwich,  ofiserved 
the  transits  of  the  limbs  of  the  sun  over  the  meridian  wire  of  the  tranKii  instrument, 
for  the  purpose  of  regulating  a  chronometer.  Ii  is  required  to  fitiil,  from  tlieae 
observations,  the  error  of  the  dtronometer,  either  for  apparent  or  mean  time. 

Transit  of  the  firat  limb  bv  the  cbronotneter ll'SB^IO-.S 

Tronsic  of  the  second  liml)  by  the  chronometer 11  58  37.0 

Sum..! g)  14  37.5 

HalT-eumiBtbe  time  of  iqiparrat  noon  by  the  chronometer 11  57  18  .7 

Eiptation  of  time  )iyNandcal  Almanac,  at  apparent  noon,  Greenwich  IS^H'jBS 

Correction  for  longitude,  8'  X  0-433 add J6 

Equation  oftime  at  tbe  place  of  ohserraiion add  13  ZtA 

Apparent  time  of  observatioa  at  noon 12  00  00  J) 

Mean  lime  of  obserraikin 12  13  38  J    ' 

Hence  it  appearB,tbatthechrDnometeristooslowfbr^iparenitinw  3  41  .3 

Chronometer  too  alow  for  mean  time 16  03  3 


EXAMPLE  n. 

lo  another  obeerraiion  of  the  sunS  transit,  similar  to  the  preceding,  made  June  SR 
1836,  in  the  longitude  of  60°,  or  4',  east,  we  dialt  suppose  that  the  time  of  the 


KB    TO  REGULATE  A  CHRONOMETER  Bi    A  TRANSIT  IKETRUMEKT. 

Transit  of  the  first  liinh,  by  the  chronoriKtRr,  was.  .1 12^  OS"  lO*^ 

Traimh  □'' (lie  aecond  limb^  by  the  chronometer 13  04   37  A 

Bum 2) 6  37^ 

Hair-Mim  ia  time  or  apparent  noon  by  the  chronometer 18  03  16  .9 

Equation  onime  by  Nautical  Almanaeu^pareDtnoonaiGreenwich  S'14'^1 

Correction  for  longitude,  4"  X  0-589 3.1il 

Equation  of  time  &t  the  pisoe  of  obserratKHi .....add  3  18  J3 

Ap^wreat  tiine  6f  obaervati<Hi  at  nooa 18  00  00 .0 

Mean  time  of  obseiratkm 13  08  13  Jt 

Hence  it  appeara,  that  the  ehronometer  is  too  Tast  fbr  apparent  tipe  3°  I8*.9 

And  too  iut  for  mean  time 1  06  J* 


To  determine  the  time  6y  the  sun's  transit,  observed  at  the^five  wires  of  the 
tehscopt. 

Ifthetelmcope  of.thetraneitinBtmment  be  fiimished,aa  usual,  with  five  equidistant 
obd  parallel  wires,  two  on  each  nde  of  the  meridian  wire,  we  can,  with  very  little 
extra  time  or  tixiuble,inake  the  observations  of  the  trausitB  of  the  first  limb  of  tbesun 
at  all  the  wtree,  and  mai^  down  die  corres^nding  times  by  the  chronometer,  in  five 
■pparate  columns,  on  the  same  horizontiU  hne,  from  left  to  right  Immediately  after- 
wards,* make  the  obeervatioiis  of  the  transits  of  the  second  limb  of  the  sun,  over  the 
same  wires,  and  mark  these  times  below  the  former  numbeia  respectively,  taking  them 
in  a  contrary  order,  or  from  right  to  left.  The  auras  of  the  two  numbers  in  each  of 
tile  five  columns  will  be  nearly  the  same,t  and  the  mean  of  the  whole  will  be  the  time 
of  the  transit  of  the  sun's  centre  over  the  meridian,  as  shown  by  the  chronometer. 
Comfiering  ihis  with  the  time  uf  apparent  noon,  12',  we  get  the  error  of  the  chronom- 
eter for  apparent  time ;  or  by  comparing  it  with  the  mean  time  of  noon,  we  get  the 
error  of  tne  cliroiiometer  for  mean  time,  as  in  the  two  preceding  examples. 


EXAMPLE  Ul. 

July  S3, 1638,  in  the  longitude  of  74°,  or  4'  56°,  W.,  the  following  observations  of 
the  times  of  the  transit  of  the  sun's  limbs  over  the  wires  of  the  transit  instniment 
were  made.    Required  the  error  of  the  chronomeier  fo'  mean  time. 


Mean  of  all  is  transit  by  chronometer, 
Mean  time  of  apparent  noon 


84  14  13.8 
14.3 
14.1 
14  a 

14.3 


10)70.7 


IV. 
6-a7M 
7  47.1 

V. 
6-54M 
7  803 

14    14.8 

14    14.3 

EtpiatiMofTitM. 

Noon  at  Grvenwlch  -4-  6"  07"5a 

Corr.  4»  56-  XOJKg  JM 

Equation  of  time.        6  07  j61 


*  We  hmve  tinaAj  rmsrked,  in  pan  150,  Ibat  Ub  wini  in  «o  filed  io  ihe  tslMcopa,  Ibal  the  Bnt 
Umborthi  tun  pancf  over  alf  of  UiQin  bafbre  ib«  feeoiid  limb  utiva  al  the  AiM  wiie- 

t  Tiiii  equBliiv  in  ibe  turn*  render*  h  Daneceuirf  u>  wriie  down  Ui*  honnof  ibe  obwrvBliaD.anHit 
b  the  niildle  coTunui ;  end  we  may  ■!»  negleel,  in  tbe  column  ofmimnei,  Iba  figures  wUeb  Maad  ta 
IsaiarmiDnlei}  retaining' tbe  RiJl  ex]>reaH»  of  iba  lima  only  in  i»  middle  wilneiB. 
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EXAMPLE   IV. 

Ha;  14,1836,  in  tile  longitude  of 45°,a^3^ean,  the  fbllowiiigtrannts  of  the  s 
"    ■  .....  .        ^  obeeired.    Raquired  the  erro 


SuiE  

Mean  of  all  the  CransitH  by 

Mean  time  of  spparenl  nooa 

ChroBomeler  too  slow  for  mean  nms. 
ChroDonteter  too  slow  for  app.  tiine. , 


S3  50  24.7 
24  S 
34.0 
24.6 


Equation  qfTimt, 
Noon  at  Greenwich  —3'"  S6'.30 
Cotr.  S"  X  0XU4.  .04 

Equation  of  tuiM—  3  56.36 
Apparent  noon  18  00  00.00 
HeaDnoon....  11  56  03.74* 


To  detrrmine  tke  lime  hy  the  trarnit  of  a^xed  star  over  tht  meridian. 
In  ohBerratione  with  the  transit  inatniment,  it  ia  moR  commonly  the  case,  that  the 
chronometer  which  ia  used  in  making  the  obaervationa,  *will  give  the  mean  time  at 
Greenwich  within  a  few  seconds;  *  and  for  lliis  time  we  must  find,  in  the  Nniilical 
Aifiiatiac,  the  sun's  right  BBCension  and  that  of  the  star.  Subtracting  the  formei'from 
itie  latter,  (increased  by  24''  when  necessary,)  we  get  the  appereDt  time  of  tlje  star's 
transit  over  the  meridian ;  and  by  applying  to  it  the  equation. of  time,  token  from  the 
Nautical  Almanac,  for  the  above  time  at  Greenwich,  iva  obtain  the  mean  time  at  the 
place  of  observation.  The  difference  between  this  and  the  time  of  the  transit,  as 
noted  by  tlie  chronometer,  wilt  represent  its  error.  We  may,  as  in  olMervatione  of 
the  sun,  use  the  midiUe  wire  only,  and  note  the  time  of  the  transit,  when  the  star  is 
bisected  by  that  wire ;  or,  with  greater  chance  of  accuracy,  we  may  take  the  mean  of 
the  observed  times  of  passing  the  five  wires,  as  a  more  correct  lime  of  the  acnwJ 
tnmait.    To  illustrate  this,  we  shall  give  the  following  examples : — 

EXAMPLE  V. 
July  24, 1836,  in  the  longitude  of  44°  39',  or  2^  58"-  36',  east,  observed  thn  cranirit  of 
the  star  Arctiirus  over  the  middle  wire  of  the  telescope,  ihe  time  hjr  the  climnoineter 
which  wan  supfioBed  to  be  regulated  very  nearly  for  mean  time  in  ilie  njeridian  of 
Greenwich,  being  3''  00™  10*.  Required  the  mean  time  of  the  transit  at  the  place  of 
ibservatlon. 

8'15-05".79 


^B  right  ascension  at  the  estimated  time  at  Oreeowieh 6  15  35  .49 

Star's  right  ascension  at  the  same  tirne,  by  Nautical  Almanac 14  08    12.13 

.BiibtraetQ's  right  ascenrion,  gives  the  apparent  time  of  observation  5  52  36  .64 

Equation  of  time  at  noon,  Greenwich -]-  6*  08*.74 

Correction  for  S"  OO"  10"  X  0".0a5 .11 

Corrected  equation  of  time -\-6   06.85 -j-      6   08  .85 

Mean  time  of  observation 5  58  45.49 

Time  by  the  chronometer 3  00   10  .00 

Error  of  the  chronometer  fbr  mean  time 


H>  good  regulwioD  or  lbs  efaroaaiiiMei,  from  OraeDwich. 


M  |i>ae*  of  nbjMVitlaa. 
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V  EXAMPLE  Vi. 

Harch  10, 1636,  in  tbe  longitude  of  17°  W,  or  1*  00-  IS*,  eaM,  dMerred  the  tran*  t 
of  the  Btor  SiriUBover  the  live  wirea  of  the  ieleieope,Bt  the  times  by  the  chnmomeier 
u  ttiven  below ;  the  chronometer  being  ■upposed  to  give  very  nearly  the  mean  time 
MGreeDwicb.    Required  the  mean  time  or  this  tranBit  at  the  place  of  obMrvation. 

/  Fim  wire e'WOl'JS 

\  Second  wire 14  28.7 

Time  of  trannt  by  the  chronoawier.  <  Meridian  wire 14  56  .0 

J  Fourth  wire 15  33  5 

^  Fifth  wire 15  50  .6 

bum 5)24  40.0 

Mean  of  all  the  timei  by  the  chronometer  is 6°  1 J-  56  .0 


©^ri 


Subtract  ©'Bri§4it  ascension,  jrivea  the  apparent  time  of  observation    7  13  47,14 

BquallOD  of  time  for  noon  at  Greenwich 10~35>.45 

Coirection  for  C  14°"  56- X  0*.668 4.17 

Corrected  equation  of  time 10  81  3». .    .add         10  21  JM 


We  may  in  the  same  way  Jind  the  time  by  a  tranrit  of  the  planet,  either  by  taking 
IhR  mean  of  the  times  of  the  transits  of  the  two  limbs  of  tlic  planet  across  the  middit) 
wire,  or  the  mean  of  the  times  of  the  limbs  paning  all  the  wires ;  then  the  calculation 
■■  to  be  made,  as  in  Examples  V.  VI. ;  taking  from  the  Nautical  Almanac,  nitd  using 
tiie  right  ascension  of  the  planet,  instead  of  that  of  the  star.  Ttiis  method  is  bo  plain, 
that  it  will  not  be  necessary  to  give  any  examples.  The  transit  of  the  moon  might 
also  be  used  ;  but  the  calculation  becomes  so  complex,  on  account  of  the  rapidity  nf 
her  motion,  that  it  is  wholly  inoxpedieni  la  tise  such  obaervalions  for  regulating  i 
chroooioetei'. 


izedbyGoOglC 


LUNAR   OBSEKVATIONS. 


Almost  all  the  methods  of  determining  the  difference  of  longitude  between  any 
two  places,  depend  on  the  zeneral  principle  of  linding  the  difference  between  tha 
tunes  of  taking  any  obaervaliou,  estimated  under  the  meridian  of  both  those  places. 
For.  in  any  place,  it  is  the  time  of  apparent  noon  when  the  aun  is  on  the  meridian ; 
uid  as  the  sun,  by  his  diurnal  rautiun,  appears  on  the  meridian  of  Greenwich  (from 
which  tlie  longitude  ia  reckoned)  one  hour  earlier  than  in  a  place  in  15°  weai  lonei- 
^de,*  anil  rtte  hour  later  than  in  a  place  in  15°  east  longitude,  and  in  proportion  lor 
a  greater  or  loss  longitude,  it  follows  that,  if,  at  the  lime  of  taking  aa  observation,  the 
corresponding  time  at  Greenwich  be  icnown,  the  longitude  of  the  place  of  obBerretioii 
will  be  found  bj  allowing  15°  for  ever;  hour  or  difference  between  those  times,  the 
longitude  being  east  when  the  time  at  Greenwich  is  earlier  than  at  the  place  of 
observation,  otnerwise  we«L  It  is  immaterial  whether  the  times  at  both  places  ba 
estimated  for  apparent  or  mom  time,  aa  the  interval  is  the  same  when  Iwtb  are 
apparent  as  when  both  are  mean;  it  is,  hovravor,  univeraally  the  practice,  at  present, 
to  use  mean  time  in  all  these  calculations.  Now,  an  ohBerver,  at  any  place,  may 
determine  the  apparent  or  mean  time  at  an;  moment,  by  a  watch  ragiuated  hy  any 
uf  the  preceding  methods ;  and  if,  at  the  same  moment,  the  apparent  or  mean  time 
at  Greenwich  could  be  obtained,  notlnng  more  would  be  necessai^  for  determininK 
the  longitude.  One  method  of  determining  the  time  at  Greenwich  is  by  a  watch 
n'gutated  to  Greenwich  time  ;  for  it  ia  evident  that  if  a  watch  could  be  so  constructed 
aa  to  go  uniformly  at  all  times,  and  in  all  places,  an  observer,  fiimiehed  with  a  watch 
ibuH  regulated,  would  only  have  to  compare  the  time  at  the  place  of  observation  with 
the  time  at  Greenwich,  shown  Ijy  the  watch,  and  the  difference  of  the  times  would 
give  the  difference  of  longitude.  This  method  is  useful  in  a  short  run ;  but  in  a  long 
voyage,  implicit  confidence  cannot  be  placed  in  an  instrument  of  euch  a  delicate  con- 
struction, and  liable  to  so  many  accidents.  Anothe*  method  of  determining  ihe 
longitude,  is  by  olieerving  the  lieginning  or  end  of  an  eclipse  of  the  moon,  or  the 
aatellite#of  Jupiter,  and  taking  the  difference  between  the  mean  time  of  observation 
and  the  mean  lime  given  in  the  Nautical  Almaiuic  for  the  meridian  of  Greenwich  ; 
k  being  evident  that  such  an  eclipse  must  be  observed  at  both  places  at  the  same 
moment  of  absolute  time ;  consequently  the  difference  of  the  times  will  be  the  differ- 
ence of  longitude.  An  observation  of  an  eclipse  of  the  sun,  or  an  occultation,  alter 
making  allowance  for  parallax,  &C.,  as  laught  in  the  Appendix  to  this  work,  may  be 
used  in  like  manner;  and  this  is  a  very  accurate  method.  However,  observatiuna  of 
eclipses  are  but  of  small  practical  utility  at  sea;  for  those  of  the  aun  and  moon  happen 
too  seldom,  and  the  difficulty  of  obaerving  the  eclipses  of  Jupiter's  satellites  prevents 
that  method  from  being  made  use  of.  In  the  present  improved  state  of  the  Nauiica] 
Almanac,  we  maj  easily  determine  the  longitude  on  shore,  by  means  uf  a  transit 
inatmraent,  by  observing  the  time  of  the  moon's  transit  over  the  meridiuu,  or  by 
observing  the  difference  between  the  time  of  the  moon's  transit  and  that  of  soma 
well-known  and  near  star.  Other  melliods  of  finding  the  longitude  at  sea  have  been 
proposed,  but  among  them  all  there  is  not  one  of  such  practical  utility,  as  thol  by 
measuring  the  angular  distance  of  the  moon  from  the  sun,  or  from  certain  fixed  stars 
situated  near  the  ecliptic,  usually  called  a  kaiar  obttnxition,  or,  more  t^auently, 
"-aiunm*."  For  observations  of  this  kind  may  be  taken,  in  fair  weather,  at  all  times 
(except  near  the  time  of  new  moon)  when  the  objects  are  mora  than  6°  or  10°  above 
the  horizon ;  and  as  the  moon  movea  in  her  orbit  about  1'  in  3'^  of  time,  it  follows 
thaififherangutardistancacanbeascertaiaed  from  the  sun  or  star  within  1',  the  time 
at  l^eenwHsh  will  be  known  within  3  minutes,  and  the  longitude  within  30  mileft 

■  BccsuM  lh»  ran,  by  hii  (ppsrenl  ifiuni*l  iDOlkjii,  dncribei  3GD  degree!  In  14  boun,  whicb  make* 
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To  Tacilitate  tliis  methoo,  there  »  annudUy  puhliahed,  by  the  Bureau  of  Navigation, 
of  the  United  States,  a  Nautical  Almanac,  coniainine  the  true  anguiar  dialances  of  the 
moon  from  the  sun,  from  the  four  large  planeta,  and  from  nine  Bright  filed  etara,  fof 
ihe  beginning  of  eveiy  thjd  hour  of  mean  time  for  the  meridiaa  of  Greenwich ;  aod 
the  mean  time  corresponding  to  any  intermediate  hour  may  be  found  by  proiKinionaJ 
parte ;  bence,  an  observation  of  tbeae  an^lar  distances  being  taken  in  any  place,  and 
Ihe  correapoDding  mean  time  at  Greenwich  being  found  by  the  Almanac,  and  com- 
pared  vnih  the  mean  tune  at  the  ship,  their  difnrence  will  be  the  longitude  oT  the 
place  of  oliservBtion.  But  before  the  obaerved  angular  distance  is  compared  with 
those  in  the  Nautical  Almanac,  the  correctiona  for  parallux  and  refractioo  must  be 
applied  to  obtain  the  tnie  ditUmee ;  for,  the  moon  being  seen  always  lower  than  her 
true  place,  and  the  sun  and  stars  higher,  the  true  distance  is  almost  always  greater  or 
less  than  the  obserred  diatance. 

The  angular  distanceH  of  the  moon  IVom  theaunand  proper  fixed  stati  and  planets, 
ere  geiiprally  given  in  the  Nautical  Almanac  from  one  object  on  each  Rida  of  her,  to 
afford  a  greater  number  of  opportunities  of  observation,  and  to  enable  the  obeerver  (o 
correct,  in  a  great  degree,  the  errore  of  the  instrument,  the  adjustments,  or  a  faulty 
habit  ofobserviog  the  contact  of  the  limbs,  because  these  errors  have  a  natural  ten- 
dency 10  correct  each  other,  in  tal(iiig  the  mean  of  observatione  made  with  objects 
on  different  sides  of  the  moon.  Before  Calling  the  observation,  the  Nautical  AUnanac 
must  be  eiamined,  to  see  trom  what  objects  the  distances  are  computed,  and  from 
Ihem  only  must  the  distances  be  n^iasiired. 

There  are  only  nine  fixed  stars  and  four  planets  ftttm  which  the  angular  distances 
are  computed  in  the  Nautical  Almanac  ;  and  as  it  is  of  the  greatest  importance  to  be 
able  to  discover  them  easily  we  shall  here  add  a  number  of  remarks  which  will  be 
found  useful  for  that  purpose. 

The  best  way  of  discovering  any  star  or  planet,  la  by  means  of  a  celestial  globe ; 
observing  that,  when  a  planet  is  used,  we  must  estimate  roughly,  by  inspecting  the 
Nautical  Almanac,  the  right  ascension  and  declination  of  the  planet,  and  makes  merit 
on  the  corresponding  pomt  of  the  globe  with  a  pencil,  or  by  attaching  a  small  piece 
of  moist  pauer,  and  this  must  be  consiJered  as  me  place  of  the  planet.  If  a  globe 
cannot  be  obtained,  the  time  of  passing  the  meridian,  and  the  meridian  altitude  of  the 
object,  may  be  calculated  ;  and  oy  obc^rving  at  that  time,  Ihe  object  may  be  easily 
discovf^rea.  The  distances  marked  in  the  Nautical  Almanac  sfTord  also  to  tbe 
ohserrer  an  easv  method  of  knowing  the  star  or  planet  from  which  th«  moon's  dis- 
tance is  10  be  ODserved;  fbr  he  has  nothing  to  do  but  to  set  the  sextant  or  circle  to 
the  distance  comjiuted  roughly  for  the  apparent  time,  estimated  nearly  for  tbe 
meridian  of  Greenwich,  and  direct  his  sight  to  the  east  or  west  of  tiie  moon,  accord- 
ing m  Che  object  is  marked  E.  or  W.  in  the  Nat'ilical  Almanac ;  and,  having  found  the 
reflected  image  of  the  moon  upon  the  horizon  glam,  sweep  the  instrument  to  the 
right  or  left,  and  the  image  will  pose  over  the  sought  star  or  planet,  if  q^ove  the 
horizon,  and  the  weather  clear :  the  star  or  planet  is  always  one  of  the  brightest,  and 
is  situated  nearly  in  the  arc  passing  through  the  moon's  centre,  perpendicular  to  the 
line  connecting  the  two  horns. 

The  computed  distance  made  use  of  in  sweeping  for  the  star,  may  be  found  in  this 
manner : — Reckon  the  apparent  time  at  the  ship  in  the  manner  of  astronomers,  (by 
counting  24  hoiu^  from  noon  to  noon,  and  taking  the  day  one  less  than  tbe  sea 
account;)  to  this  time  applv  the  longitude  turned  mto  time,  by  adding  in  West,  or 
Biibtracting  in  east  longitude;  the  sum  or  difTerence  will  be  the  apparent  time  at 
Greenwich  nearly.  Take  the  distances  from  the  Nautical  Almanac  for  the  timr 
immediately  preceding  and  following  this  estimated  time,  and  note  the  difference  of 
these  distancea;  then  say,  As  S**,  or  180",  la  to  the  difibrence  of  the  distances,  so  is 
the  difference  between  the  apparent  time  at  Greenwich  and  the  next  preceding  time, 
Bet  down  in  the  Nautical  Almanac,  to  a  proportional  part  to  be  added  to  the  next 
nreceding  distance  taken  from  the  Nautical  Almanac,  if  the  distance  be  increasing, 
but  subtracted  if  decreasing ;  the  sum  or  difference  Will  be  the  distance  at  which  tbe 
quadrant  or  sextant  is  to  be  fixed. 

In  sweeping  for  the  stara  by  this  method,  it  will  often  happen  (bat  two  or  more  are 
•wept  upon  at  once  ;  this  might  cause  some  difficulty  m  an  inexperienced  observer 
who  would  be  at  a  loss  to  know  which  to  make  useoC  To  remove  this,  the  follow 
ing  descriptioi  of  these  stars  is  added : — 
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Thii  itarbeun  about  wMt,  diataiilS3°,(hiiii  the  Pleiailu. or  tba 
Beven  SUn  ;  it  ia  of  the  seegnd  mnritituile,  und  may  be  known 
by  meuia  or  the  iloj  71,  of  the  third  magnitude,  situated  8.  W. 
from  a  Arirtia,  at  the  diatance  of  3^  decrees.  South  ftom  the 
t\»i  71,  at  the  diaUince  of  l^",  is  the  atari,  of  the  foanh  magnitude. 
The  northernmoat  of  tbew  atar*  ii  a  Arietia. 

About  35°  E.  B.  E.  from  a  Arietii,  and  H'^  S  E.  from  the 
Pleiadea,  or  Serea  Stan,  ii  the  bright  aUr  Aldebmn.     Near  this 

magnitude,  foTiaing,  trith  Aldebiran,  a  figure  resembling  the  let- 
ter V,  an  ii  repreeenled  in  the  adjoined  figure,  where  AldebBrau 
is  marked  n.  At  the  diatunce  of  23°  from  thi>  sUr,  in  a  S.  E. 
direction,  are  three  tery  brivht  atora,  lituated  in  a  atiaight  tine, 
near  to  each  other,  forming  the  belt  of  Orion. 

At  the  diatance  of  tb^  from  Aldebarui,  in  the  direction  of 
E.  N.  E.,  is  the  atsr  Pollux,  wMch  la  a  bright  atar,  though  not  of 
the  firat  ma^itude.  N.  W.  from  it,  distant  5°,  ia  the  atar  Castor, 
of  nearly  the  same  magnitude  ;  and  you  will  almost  always  aweep 
both  at  once  :  the  aoathemmast  ia  the  one  uaed. 

E.  by  S.  i  8.  ftom  Pollux,  at  the  diataiiee  of  37j°,  ia  the  atar 
Reguliu,  of  the  firat  magnitude  ;  to  the  northward  of  this  alar  (al 
the  distance  of  8")  ia  a  alar  of  the  second  magnitude ;  near  to 
thete  are  five  atan  of  the  third  magnitude,  the  whole  fanning  a 
cluster  reaembling  a  sickle,  represented   in  the  adjoined  figure, 

Regului  heme  in  the  extremity  of  the  handle.    A  lir"   "■ 

from  the  northern  polar  stai 
13°  to  the  eastward  oFReguli 


rough  its  pointers,  pnssea  about 


E.  8.  E.  froi 


Reguloi 


his  star,  M  the  distance  ot  aOout  f  li°,  i 


"■f54'>. 


the  adjoined  fijn>-e ; 
-   itrajghl  hne 


.oSpic. 


AffTARES. 
aAQUIL^ 


a  PEOA8L 


E,  8.  E,  from  Bpica,  at  the  distance  of  4G°,  ia  the  atar  Antofffl, 
in  96°  of  Bouth  declination  ;  it  ia  a  remarkable  star,  of  a  reddish 
color;  on  each  aide  of  it,  to  the  W.  N,  W.  and  S.  S.  E.,  about  9° 
dialani,  ia  a  star  of  the  third  or  fourth  magnitude,  no  very  bright 
star  being  near. 

N.  E.  Ironi  Antare*,  at  the  diatance  of  60°,  ia  the  very  bright 
■tar  a  AquilB  1  N.  N.  W.  from  which,  at  2°  distance,  is  a  aUr  of 
the  third  maf  nitude,  and,  9.  8.  E.,  at  3°  distance,  another  atar  of 
a  lev  magnitude.  These  three  alara  appear  nearly  in  a  straight 
Una.    The  atar  a  Aquiln  ia  nearly  of  the  nmc  oolor  ai  Antarea. 

8.  E.  fVom  a  Aqnils,  at  the  diatance  of60°,  is  the  atar  Pomalhaut, 
which  ia  a  bright  star  of  high  southern  declinatinii  its  altitude 
in  northern  latitudes  being  small,  ncTer  exceedir.  ^1°  in  the  lati- 
tnde  of  in°  N.  This  starVara  nearly  south  from  the  star  o  Peg- 
■>i,  distant  45°.  A  line  drawn  from  the  poinlen.  through  the 
northern  polar  atar,  and  continued  to  the  opposite  meridian,  wir. 
pass  Teiy  near  to  a  Pegoai  and  Fomalhaut. 

E.  by  N.  ftom  a  Aquilo,  at  the  diatance  of  48°,  and  weatward 
fW>m  a  Arietis,  at  the  diatance  of  44°,  la  the  star  a  Fegaai,  which 
may  be  known  by  means  of  four  stora  of  different  magnitudes, 
ntuated  aa  in  the  adjoined  figure ;  in  which  a  repreaents  a  Pegasi, 
f  a  atar  of  the  second  maf  nllude,  bearing  north  of  it,  diatant  13° . 
the  others  are  of  less  magnitudes,  and  two  of  them,  q,  u,  form  a 
rtraight  line  with  the  star  a  Pegad }  and  by  this  mark  it  may  an 
Ma^  dtawTenct 
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Generai  Remarks  on  the  taJdng  of  a  Lunar  Ohitrvation. 

The  accumcy  of  a  lunar  obBerration  depends  chiefly  on  the  regulotion  of  thg 
chronometer,  «nd  on  the  exact  measurement  of  the  ansular  dialaac*  of  the  moon 
from  the  aun  or  star ;  a  smuU  error  in  iIk  observed  allUudea  of  those  objevis,  will  not 
111  gentirel  much  aflect  tlie  result  of  the  calculBtiou. 

The  beM  method  of  rEgututing  s.  chmnometcr  at  sea,  is  by  taking  an  altitude  of 
the-aun  when  riiting  or  falling  quickly,  or  when  bearing  nearly  east  or  west,  tne  alti- 
tude being  sufficiently  great  to  avoid  the  irregular  retrHction  near  the  horizon,  aiid 
noting  the  time  by  tiic  ubrono meter.  Witli  this  eJticude,  the  latitude  of  the  plocc^ 
and  the  sim'a  declinution,  find  the  mean  limo  of  ohaervatiou  by  either  of  the 
jireceding  methods;  the  difference  between  thia  time  and  that  sliown  by  the  chro- 
nometer will  show  how  much  it  is  too  fust  or  alow.  A  eingit:  olieervation,  taken 
with  care,  will  generally  be  exact  enough ;  but  il'  gt^iiter  ucruracy  is  requin^.l,  the 
uiuan  of  a  niualier  of  obeervations  may  be  taken.  If  thi:  distance  of  the  sun  and 
moon  be  observed  when  the  sun  is  three  or  four  points  distant  from  the  meridiao, 
ihe  mean  time  of  observation  may  be  deduced  froin  tlie  altitude  of  the  sun  tahen 
at  the  [H«ciee  time  of  mesauriiig  the  distance;  thia  will  render  ilie  ube  of  a  chrouoni- 
eier  unneceaBaTy,  and  will  prevent  any  irregularity*  in  its  going  from  affecting  the 
result  of  the  obaervation.  If  a  night  observation  is  to  be  taken,  the  chronometer 
should  be  regulated  by  an  altitude  of  the  sun  taken  the  preceding  evening,  and  ita 
going  eximiin«d  by  means  of  another  observuiiou  taken  the  next  morning  ;  for  the 
time  found  by  an  altitude  of  a  star  cannot  be  so  well  de(>end(^d  unon,  except  in  the 
inoming  and  evening  twilight,  as  the  horizon  is  generally  ill-defined ;  but  the  altitude 
may  be  sufficiently  ciaO.  tor  finding  the  correction  uaed  in  determining  the  angular 
distance. 

Although  all  the  instruments  used  in  these  observations  ought  to  be  well  adjusted, 
yet  fiarticular  care  should  lie  taken  of  the  sextant  or  circle  used  in  maatniring  the 
anuular  distance  of  the  moon  from  the  sun  or  star,  since  an  error  of  1'  in  this  disisnise 
will  cause  an  error  of  nearly  30'  in  the  longitude  deduced  therefrom.  When  a  great 
angular  distance  ia  to  be  measured,  it  is  al»oluie1y  necessary  to  tise  a  telescope,  and 
llie  parallelism  of  it,  with  resjiect  to  the  plane  of  the  instrument,  jnust  be  carefully 
examined;  but  in  measuring  small  distances,  the  use  of  the  telescope  is  not  of  such 
great  importance,  and  a  sight-tube  may  then  be  used,  taking  care,  however,  that  the 
eve  and  point  of  contact  of  the  objects  on  the  horizon-glass  be  equally  distant  frotn 
the  plane  of  the  instrument.  But  it  ought  to  be  observed,  that  it  is  always  conducive 
to  accuracy  to  tiae  a  telescope,  and,  alter  a  little  practice,  it  is  eaaily  done. 

Whilst  one  person  is  oheerving  the  distance  of  the  objects,  two  others  ought  to  he 
obsf^rving  the  altiuidea.  The  chronometer  aliould  be  placed  near  one  of  ihe 
iibtierverH,  or  put  into  the  hands  of  a  fourth  person  appointed  to  note  the  time;  tlie 
ol)gerver  who  takes  the  angular  distance  givitig  previous  notice  to  the  others  to  be 
rt«dy  with  their  altitudes  by  the  time  he  has  finished  his  observation ;  which  being 
ifnni!,  the  time,  altitudes,  and  distBnce,f  should  be  carefully  noted,  and  other  seia  of 
cuservations  taken,  which  must  be  done  within  the  space  of  15  minutes,  and  the 
mean  of  all  theee  observations  must  be  taken  and  worked  as  a  idngle  one. 

When  a  ship  is  close-hauled  to  the  wind,  with  a  large  sea,  or  when  sailing  before  thfl 
wind,  and  rollmj;  cousiderahty,  it  is  difficult  to  measure  the  distance  of  the  objects ; 
but  when  the  wutd  is  enough  upon  the  quarter  to  keep  the  ship  xteady,  there  is  no 
difficulty,  especially  in  small  distances,  nrhich  are  much  more  eosilv  measured  than 
large  ones,  and  are  not  so  liable  lo  error  from  an  ill  adjustment  of  the  telescope :  an 
observer  would  therefore  do  well  to  choose  those  times  for  observation  when  tbo 
distance  of  the  objects  is  less  than  70°  or  80°.  An  observation  of  the  aun  and  mooD 
is  generally  niu  'i  eaitier  to  take  when  the  altitude  of  the  moon  is  less  than  that  of 
the  stin,  because  the  instrument  will  be  held  in  a  more  tiatural  and  easy  manner 
Wnen  the  moon  is  near  the  zenitli,  the  observation  is  generally  difficult  to  take,  and 
liable  to  be  erroneous,  because  the  observer  is  forced  to  place  himself  In  s  disagreea- 
ble posture.    For  the  same  reason,  an  obaervacion  of  the  moon  and  a  star  or  pland 

*  Il  if  not  aneonnDOD  to  End  a  diSerenrii  in  the  mgulatioa  af  a  ekraixHnelor  in  the  rorcnoon  ud 

■flemoon;  Ihti  diflercnce  gcnasllj  ariiea  rrom  the  uncensinly  in  iIk  eilimatsd  lsiiLude,or  khi»  *tit£a> 
■-  "le  DtxnvatHni.  and  perhapi  partly  from  Ike  itregulBrily  in  (be  fwn;  nf  the  ehroi — 


LUNAK  OBSERVATION^.  329 

ia  ^eraU^  much  Mai«r  to  take  wbeo  tbe  star  or  planet  M  lower  tlian  the  moon. 
Thu  BiluBUOD  of  tbe  objecu  may  in  most  cases  be  oblaiDed  by  taking  the  observBCioU 
at  a  propar  time  of  tbe  dnj.  But  it  must  be  obflerved,  that  neither  of  the  objects,  if 
poBBiUe,  ought  to  be  at  a  leai  aldtuda  ttioii  lU',  uiun  ai-.count  of  the  uncertainty  of 
the  refractioii  near  the  horizon ;  for  the  horizontal  refmriion  mriee  from  33*  to  Sis'  40" 
only  by  AD  alteraliaii  of  40°  iu  the  thermometer.  Thit  alteration  might  cause  an 
error  of  two  degrees  in  the  longitude,  with  an  ohi^erver  who  \ieea  the  mean  refniclioti. 

In  measuring  the  distance  of  the  moon  from  the  eun,  we  must  bring  the  moon's 
rounil  limb  in  ooniaet  with  the  nearest  limb  of  the  sun.  In  meaauring  the  distance 
ofttK  moon  fivm  a  planet  or  fixed  star,  her  round  limb  must  be  iHVught  in  contact 
with  tbe  centre  of  the  star  or  planet ;  observing  that,  the  aemidinmeter  of  the  planet 
being  only  a  few  aeconda,  tbe  centre  of  it  can  be  estimated  sufficiently  uear  for  all 
the  purposes  of  this  obserration.* 

In  taking  tbe  altitude  of  the  moon,  the  round  limb,  whether  it  be  the  upper  or 
lower,  must  be  brought  to  the  horizon.  Iu  damp  weather,  It  is  rather  dil^cult  ti> 
obaerve  the  altitude  of  the  stare,  on  account  of  their  dimness,  particularly  u  Pcgasi 
and  u  Arietia.  Sometimes  they  are  ao  dim  that  they  cannot  be  seen  through  the 
holes  of  the  sight-vane  of  a  quadrant,  particularly  if  the  mirrors  are  not  well 
silvered ;  in  this  case,  the  vane  must  be  iiuned  aside,  and  the  eye  held  in  nearly  the 
same  place,  or  the  altitude  must  be  taken  by  a  sextant  fUmished  with  a  sieht-tube. 

We  have  here  supposed  that  there  were  observers  enough  to  meaaure  the  altitudes 
when  the  distance  waa  observed  ;  but  if  that  is  not  the  case,  the  altitudes  may  be 
astitnated  by  either  of  the  utethods  which  will  be  hemafler  given. 

Pr^tratioma  ntetssaryfor  laorkirig  a  Lunar  Ohaenatim 

Find  the  mean  time  of  observation  by  astronomical  account,  reckoning  the  hours 
from  noon  to  noon  in  numerical  succession  from  I  to  34,  and  talung  the  day  one  less 
than  the  sea  account ;  to  this  time  apply  the  longitude  turned  into  time  by  Table  XXI.^ 
ay  adding  if  iu  vreat  longitude,  but  subtractiug  if  in  easti  tbe  sum  or  difference^  will 
■>e  the  supposed  time  at  Greenwich,  or  reduad  time. 

In  page  III.  of  the  month  of  the  Nautical  Almanac,  find  the  moon's  eemidiatneier 
and  horizonlsJ  parallax,  for  the  nearest  noon  and  midnight  before  and  after  the 
reduced  time,  and  find  the  difference  of  the  parallaxea  and  the  difference  of  tbe  semi- 
diametere ;  then  enter  Table  XL  with  these  differences  respectively  in  the  side 
column,  and  the  reduced  time  at  the  top;  oppneite  the  former,  and  under  the  latter, 
will  stand  the  corrections  §  to  be  applied  respectively  to  the  semidlaineter  and  hori- 
TOJital  porallaJl  marked  first  in  the  Nautical  Almao-'c,  additive  if  increaaing,  sublraclive 


if  decreasing;  the  sum  or  difference  will  l>e  the  hoi'izontal  semidiameter  and  the 
horizoniai  pioallax,  respectively,  at  the  time  of  obserration.  To  this  horizontal  aemi- 
diameter  must  he  adaed  tlie  augmentation  from  Tuble  XV.  corresponding  to  the 
moon's  altitude;  the  sum  will  be  the  true  temi/iiameUr  of  the  moon. 

The  sun's  true  semidiameter  is  to  be  found  in  page  11.  of  the  month  of  the  Nautical 
Almanac. 

To  the  observed  altitude  of  the  sun's  or  moon's  lower  limb  add  W;  but  if  the  up|)er 
limbs  were  observed,  subtract  30',  and  from  the  observed  altitude  of  tbe  star  or  planet 
subtract  4',  and  you  will  have  nearly  the  Ofi^Nirenl  aUUuiUi  of  those  objects  respec- 

•  ITao/  oat  wUIm*  lo  proeeed  wiib  perfecl 
tbe  nearut  limb  oT  Ibe  pluwi.  uiil  ihen  aoolv  ihi 


jj^nenil,  be  auffieienUjp  ucurale. 
I  Thew  Hliiiu^ln  are  luppgsed  Co  be  isken  ai  sw  by  ■  rore  oliHrviiioD  ;  and  the  applicalioci  oT  1h« 

coBiDoiHdicd  TflMp)  jwhen  Ibc  dip  ia  iiboul  4' or  5')  id  a  )ufRci»nl  dp|{ree  of  Ktantyt  if  llie  obMrver 
VH  40  ar  SO  Imi  abort  ib*  water.  I'  or  S'  mi^hl  be  lakea  rroni  ihew  allituda,  lira  propneiv  of 
■iog  ihene  Duoiben  m  I  appcai-  by  enniJdenug  that  every  wave,  by  raiiine  (he  ihip  ^ove  the  ievtd 
el  the  lea,  will  ■Ito'  Ibe  dip,  aod  ibal  an  error  of  1'  oi  1'  in  the  altiuida  wiU  ia  ceaeral  cwm  but  ■ 
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To  ihe  ibttrvtd  dutante  ttf  tte  moon  fiom  a  star  or  pUmd  *AA  the  moon's  trua 
aeuiidieniPter,  if  her  nearest  limb  wa«  obHerred,  but  subtract  that  seinidiunetar  if 
her  farthest  limb  was  observed ;  the  auni  or  difterence  will  be  the  vppinrni  dittante. 
Bm  to  the  obtaTtddi»tanu<(flhettm  an</inoon'(nearei<funi«,Mld their  tniesetiiidianie- 
ters ;  (he  sum  will  be  the  appartnl  dularux, 

Th^se  preparatioDa  are  aeceBaary  in  every  method  of  working  a  lunar  obeerratiou 
Tlie  most  noted  methods  are  those  of  Dunthome,  Borda,  Maskelyne,  Rios,  Witchell, 
Lyons,  &c,  and  improvemenu  thereon  by  various  authors. 

Dimthorne's  and  similar  methods  liave  one  great  advantage  in  not  being  liable  to 
n  variety  of  CAses ;  but  these  methods  are  tedious,  wben  tables  of  logarithms  to  min- 
iiles  o[ify  are  used,  by  reason  of  the  great  exactness  required  in  proportianing  the 
l(ii;ai'ltlims  to  seconds.  This  is  obviated  in  the  excellent  methods  published  by  Rioa 
[iifd  StHnsbury ;  but  they  require  large  and  expensive  tables,  and  on  that  account  are 
n>'t  in  very  general  use.  Witcbell's  and  Lyons's  methods  do  not  labor  under  the 
inc.  >nveniencB  of  requiring  Urge  tables,  nor  do  they  require  any  particular  notice  of 
the  seconds  in  finding  the  log.  sines  and  log.  tangents ;  but  these  metliuds,  as  they 
were  originally  published,  are  embarrassed  with  a  variety  of  cases;  sometimes  the 
corrections  are  additive,  sometimes  subtractire ;  and  learners  find  a  difficulty  in  rightly 
^plying  them.  To  remedy  this,  a  method  wos  published  in  the  firm  edition  or  this 
H'urK,  in  which  two  corrections  were  constantly  additive,  two  subtncdve,  and  one 
siiiuU  correction  was  additive  when  tlie  distance  was  less  than  90°^  but  subtractive 
when  above  90°.  This  method  was  Airther  improved  in  the  Appendix  to  that  edition, 
bj'  means  of  four  new  tables,  which  are  inserted  in  this  edition,  and  numbered  XVII. 
\^'l^.  XIX.  and  XX.,  by  means  of  which  the  work  b  considerably  shortened,  and 
all  the  convctions  rendered  addibve.  This  method  will  now  be  given,  afler  making 
a  few  remarks  on  the  manner  of  taking  the  corrections  and  logaiitbms  fivnt  these 
new  tables. 

Table  XVII.  contains  a  correction  and  logarithm  to  be  used  when  the  moon's  dis- 
tance from  B  star  or  planet  is  observed;  and  Tabic  XVIll.  is  a  similar  one,  to  In 
UR'd  when  the  moon's  distance  from  the  sun  is  observed.     Table  XVII.  contains  six 

rges,  cuTTcaponding  to  the  borizontal  parallax  of  the  planet,  supposing  it  to  be  either 
,  5";  tO",  1 5",  SO",  35",  or  30",  as  at  the  top  of  the  pages  respectively ;  and  tha 
|>as,re  is  to  be  used  which  agrees  the  neoresi  with  the  horizontal  psrallu  of  the  plane 
at  the  lime  of  observation.*  Theae  tables  are  so  extended,  that  no  proportional  parts 
ari'  necessary  in  taking^ut  the  corrections  and  logarithms,  except  the  altitude  of  tlm 
sun  or  star  be  less  than  7°  30',  and  at  such  altitudes  an  observation  is  liable  to  error  on 
acrount  of  the  uncertainnr  of  the  refraction  ;  so  that,  in  using  these  tables,  it  is  sufii- 
rit'Mtly  accurate  to  find  the  numlier nearest  to  the  given  altitude  of  the  sun  or  iitar, 
and  make  use  of  the  corresponding  correction  and  logarithm.  Thus,  if  tlie  star's 
altitude  be  13°  2?,  the  nearest  number  in  Table  XVII.  is  13°  24',  corresponding  to 
which  are  the  correction  SSf  45",  and  the  logarithm  1.3161. 

Table  XIX.  contains  the  corrections  and  logarithms  corresponding  to  the  moon's 
horizontal  parallaz  and  altitude,  both  being  found  at  the  same  opening  of  the  hook. 
The  corrections  for  seconds  of  parallax  and  mlnutfcs  of  altitude  are  easily  taken  out 
by  means  of  Tables  A,  B,  C,  placed  in  the  margin.  The  method  of  finding  these 
corrections  is  given  at  the  bottom  of  the  table :  they  are  always  additive. 

Kesides  the  two  logarithms  taken  from  Table  XVII.  (or  XVIIU  and  XIX.,  this 
new  nile  requires  only  four  logarithms  to  bo  taken  from  Table  XXVlI.  to  four  places 
of  ingures,  and  to  the  neamvt  minute,  it  being  in  general  unnecessary  to  proportion 
for  I  be  seconds. 

We  shall  now  give  the  rule  for  correcting  the  disiance,  and  ■ball,  for  brevity,  use 
the  words  tine,  neani,  and  eoweonf,  instead  of  Ic^.itne,  iog.teaad,  and  log.eoMCtmt, 
re$|iectively,  and  the  same  practice  will  be  obser^d  in  the  second,  third,  and  fourth 
methods  of  correcting  the  distance. 

■mall  error  in  Ibe  resull  orthe  ealculsiion  of  a  lunar  obcervatjoo,  to  thai  lor  bH  pnftr 
ilh.vu  iiuDiben  may  bs  ealecmed  u  wfllciCDIly  exact.    I(  may  ■!»  be  obiervr-'   -'-- ' 
rroni  this  source  will  not  renerally  be  grealer  iLwi  that  ariaiu;  from  neglecliug 
on  the  tpheroidi)  rnrm  t>rtli«  cvib,  uiil  on  lb«  deosiiy  and  lemperuura  of  tbe  ui ; 

Ir  inj  oae  wi>he>  to  obtein  Ihe  apparent  iliilui<a  (tricily,  b*  muM,  Iroa  thn 
■uhiraci  (he  Hip  of  Ihe  horiioD  taken  Irom  Table  X!1I.,  and  add  or  nbtnci  Ihe 
oSjen,  according  oa  the  iawer  or  upper  limb  ia  obaarve<L 

'  In  •uicinou,  wben  Ibe  boriionlal  paraJlai  difltei  Anm  IboM  in  tbt  Uible,  w«  ourfat  Ic 
iUDihen  foe  lbs  Mil  peaier  aud  Ihe  nan  let!  DUmbei,  and  take  a  praportioo^  pan  oTllM  dil 


rmodbvGoOglc  ' 


LUNAR  OBSERVATIONa.  231 

FIRST  METHOD 

iij  correethig  the  apparent  dittance  of  the  moon  from  the  sun,'  in  »hich  there 
is  no  oaritty  of  cases,  all  the  corrections  being  addilioe. 

Add  tha  apparent  distBiice  of  [he  moon  from  tha  sun  to  their  apparent  ailitudet^ 
Mid  note  the  kay'-nan.  The  difference  between  the  half-BUTn  and  the  appai^ui  dis- 
tance call  ibe  /rxt  rtmainder ;  and  the  difference  between  the  half-turn  and  thu  aiin'a 
appareiil  altitude  call  the  eeamd  remainder. 

Take  from  Table  XXVll.  the  following  logarithma,  which  mark  beneath  each  other 
ID  t(vo  columns,  viz,  the  aine  of  the  apparent  distance,  to  be  marked  in  both  columns, 
the  cosecant  of  the  second  remainder,  to  be  marked  also  in  both  columns,  the  secant 
of  the  first  remainder  to  be  placed  in  the  first  column,  and  the  secant  of  the  half-aum 
iu  the  saconil  columu.f 

Enter  Table  XVIII.  [or  Table  XVTI.  if  a  star  or  planet  be  used),  and  take  out  the 
correction  corresponding  10  the  sun's  altitude  (or  star  or  planet's);  take  also  from  tha 
nine  table  the  corresponding  logarithm,  which  place  in  column  lat. 

Enter  Table  XIX.  with  the  moon's  apparent  altitude  and  horizontal  jHinillax ;  find 
the  corresponding  correction,  which  place  under  the  former  correction,  and  the 
loinrithm,  which  place  bi  column  2d. 

The  sum  of  the  four  logarithms  f  of  column  first  will  be  the  proportional  logarithm 
of  the  first  correction,  and  the  sum  of  the  logarithms  of  column  secondf  will  be  the 
proportional  logarithm  of  the  second  correction;  these  corrections  being  found  in 
Table  XXII.  ire  to  be  placed  under  the  former  corrections. 

Eiiltr  Tabli^XX.,  and  find  the  numbera  which  most  nearly  agree  with  the  observed 
distance  and  the  observed  altitudes  of  the  objects,  and  luie  out  the  corresponding 
forreciion  in  Mconda,  which  is  to  be  placed  under  those  already  found.  Then,  by 
adding  all  there  corrections  to  the  appareut  distuuce,  dccieaaed  by  2°,  we  ahall  get 
the  title  diaiaDi  e  nearly.} 

To  determine  the  longitude  from  the  true  distance. 

if  the  true  rlistance  of  the  objects  can  be  found  in  the  Nautical  Almanac,  in  either 
af  tbe  pages  where  the  diatancea  are  marked,  on  the  day  of  the  oboervatioii,  the  time 
will  lie  IouikI  at  the  top  of  the  page.  If  the  true  distance  cannot  be  tbund  exactly,  in 
the  Nautical  Uinanoc,  you  must  find  the  two  which  are  nearest  to  it,  the  one  greater 
and  the  other  lesa  than  the  true  distance ;  and  take  out  that  one  which  currespondM 
with  the  earlitst  or  first  of  these  times,  with  tbe  corresponding  proportional  lo^rithrn. 
Find  tlie  difference  between  this  first  distance  and  the  true  distance,  and  lake  out  its 
proportiotial  logarithm  from  Table  XXIL  The  dlfitrence  between  these  two  pro- 
portional loganthma  vrill  be  the  proportional  logarithm  of  a  portion  of  time,  to  be 
added  to  the  time  standing  over  the  ArA  distance  in  the  Nautical  Almanac,  and  lh« 
earn  will  be  the  mean  lime  of  the  observation  at  Greenwich.  The  difference  between 
this  time  and  the  mean  time  at  the  ship,  being  turned  into  degrees  and  minutes  by 
Table  XXI.,  will  be  the  true  longitude  of  ttje  sliip  from  Greenwich,  nt  the  time  of 
observation.  This  longitude  will  be  east  if  tbe  time  at  Ihe  ship  be  greater  than  that 
at  Greenwich,  otherwise  we6L$ 

To  exempli^  the  preceding  rules,  we  shall  now  gire  aeretal  examples  of  correcting 
the  apparent  distance,  including  also  tbe  preparation  and  the  determination  of  the 
longitude  from  the  true  distance. 

*  Thii  Tvle  \i  tbe  lame  u  ihai  lor  tarm 
at  irmiiD^itaraiptantt  for  n»,  and  mine  T^e  >tVU.  infleid  orTaUii  XVUI. 

%  The  diiiance  iibialiied  hy  ihii  mie  it  noi  perTeetl*  cnrrwt,  tinee  Mvenl  tmsll  eonee 
•rallied Id obUiD  Ilw  true  diitanca  to  the neniHlHcimd,  viz.  (li  The  rerrBcllon  uVen  froi 
wl^ch  \»  mule  lue  of  in  eonilnieting  Tebiei  XVU.  XVf  [I.  and  XIX,,  oughl  Is  be  con 
liflerem  beifrbUortbe  baionieier  sod  ihennometet,  ai  dliecied  in  pure  IM.  (I)  A  correi 
IpplJed  for  the  ■pheroldal  figure  of  (he  eanh.  And  (3)  i  very  imall  correcllon  oughl  L> 
be  numb«n  of  Table  XX.  whea  the  »'■  horiionuil  parallai  vanes  fiun  G7' 30".  But 
iirectlanl  would  inereau  tbe  cnleulatlon  ''eiy  muirb,  and  the  reiull  of  h  lingle  ol 
ill  ibeH  Ihliun  were  notieed,  would  pnibably  nal  be  n  accuiBle  u  Ibe  neaa  ot 
_!^ ._L _.    j;* .  .; r  .lT  j....    1L  ...L^-i.   .1 ^ .;-^.  _.^_ i_. 


Deressaty  w  lake  um!  work  the  Jailer  ob«rvaIiana  would  not  be  muefa  greater  Ihea  lo  wor<  a 

t  ]i  may  be  neesnary  In  observe  ihai,  if  Ihe  timei  at  Ih*  ihlp  and  Qieeowieh  (ell  on  difletent  d»7i 
•tM  lawn  day  u  to  be  reckoned  the  Eraatai.  though  the  hour  of  Iha  day  nay  be  Ibe  leaii  j  thiu,  iTkk 
tey  .  boor  11  u>  Im  eiweined  cnatar  uwa  ISlh  daj'  Xt  beiin 


LUNAR  OBSERVATIONS. 


EXAMPLE  1. 


SuppoM  that,  on  the  7th  of  Jbdubi?,  1836,  sea  account,  at  ll"  57*  part  Burtoigh^ 
mean  lime,  in  the  loDgitude  of  127°  Sty  E^  by  account,  the  ohserved  dutouce  of  ihe 
fkrtheBl  limb  of  the  moon  from  the  star  Aldebaran,  ivob  68°  3G'  00",  the  olserved 
altitude  of  the  star  32^  14',  and  the  obaerved  altitude  of  the  moou's  lower  liu^Sl''  43" 
Required  the  true  longitude. 
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LUHAR  OBSERVATtOna. 


Sea  aecoont,  AprU  1,  or  by  ^.  A.,  April  H14»0^SCM 

Longitnik  l'n°  E 11  tt   00 
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LUKAR  OBSERVATIOHa 


EXAMPLE  III. 


It  tbe  ploce  ofobMrvaiion.    Req;uii«d  the  true  kmgitude. 
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LUNAR  OBSERVATIOnS 


EXAMPLE   IV. 

Suppon  that,  on  the  I3lb  of  May,  1836,  sea  account,  at  about  I'  P.  M^  in  th« 

latiutde  of  Xf  S.,  and  in  the  longitude  of  4°  OC  E^  by  account,  the  folloiring  obeer- 

vstiona  of  the  aun  and  moon  were  taken  ;  the  iun  l>eing  bo  siiuated  that  the  a|i[nreiu 

time  could  be  obBerved  by  her  altiiuds.     Required  the  tine  longitude. 
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Mean  lima  11  Gnca.  0  4131 
Mean  lima  u  ibip. .  0  56  09 
LoDgJIuda  in  tin*. .         14  37—3*  S"  16"  E.fr. 
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LUlfAA  0BBERVATI0H8. 


dme,  A.  M^  in  the  longitude  of  IfP  W.  from  Greenwich,  by  kccounl,  six  d 
the  BUD  and  moon^  nearest  limbe  wen  obierred,  by  a  circle  of  reflection,  10  be 
273°  Off  06",  the  conw^ndiug  times  and  altitudes  being  m  id  the  foUowing  tabt*. 
lUqiiired  tlie  cnie  longitude. 
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LUNAR  OBBERVATIORB. 


EXAMPLE  VI. 


in  the  longitude  of  61°  W^  1^  account,  the  obaerred  dJatancQ  of  the  itairtit  limh  nf 
tbe  mooafivni  tlit  eaitrt  at  the  planet  Venus,  wea  3S'  Slf  57",  the  obeerred  altiturfs 
of  tbe  pluiel  23°  00',  end  the  obeerved  dtitiide  of  tbe  mooii's  lower  linib  .17"  31' 
Required  the  true  longitude. 
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LONAR  OBSEHTATIONS. 


EXAMPLE  VII. 


Suppuae  that,  on  the  S7lh  of  Auguit,  1636,  im  account,  at  0*  50"  08'  A.  M.,  mew 
time,  in  thn  loiigitude  SS°  W^  by  account,  the  otMerved  distence  of  the  farlhtsi  timi 
of  the  moon  ^4nnlAfccnfr«  of  the  planet  Man,  wbb114°05'  17",  the  observed  altitiidF 
of  the  plaiiut  10°  SCK,  and  the  obsmred  altitude  of  the  moon's  upper  limb  23°  51 
RtK{uired  the  true  longitude 
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LUNAR  OBBERVATIOHB. 


SECOND  METHOD 
Ofjin^ng  the  true  diatanet  of  the  moon  from  a  star.* 

This  nwthod  m  grounded  on  that  which  wbb  fint  published  by  Mr.  Lyona,  ano 
mftorwBirlB  impnived  by  various  persons  by  the  iatroductioD  of  tables  Bimilur  to 
Tables  XL VII.,  XLVIIL,  of  the  present  collection.  In  Lyons's  method  there  ara 
four  principal  corrections,  end  several  atiiall  ones,  like  those  which  are  included  iit 
Table  XX. ;  the  tirxt  and  second  of  these  correetionB  depend  on  the  re&actioD ;  the 
third  Bod  founh,on  the  moon's  parallax.  These  two  last  correctioDe  corre^wnd  very 
uearly  to  the  first  and  second  of  the  present  improved  method.  The  first  and  second 
corrections  of  Lyons's  method,  with  all  the  amaller  corrections,  ore  pvea  very  nearly 
hy  rneans  of  Table  XLVIII.,  under  the  name  of  the  third  coirection  of  the  pneent 
method ;  the  numberB  in  this  table  are  liable  to  an  error  of  a  few  seconds  in  conse- 
queuca  of  using  the  moan's  mean  horizontal  perallaz  in  computing  the  numberv. 
DRveral  of  the  quantities  in  each  page  of  the  table  have  been  compared  by  means  of 
Shcpard'a  tables  with  the  correct  results,  for  the  extreme  values  of  the  moon's 
bnrizODtal  parallax  ;  and  it  has  been  found  that  an  error  exceeding  5"  will  rarely  occur 
in  computing  the  distance  ftom  the  numbers  in  the  table,  if  the  process  of  interpola- 
tion be  carefully  attended  to,  when  the  proposed  distance  and  the  altitudes  are  not 
expreasly  given  in  the  table,  as  meet  commonly  happens. 

When  this  tabular  form  was  first  adopted  in  finding  this  third  correetion,  the  inter- 
vals were  much  longer  than  they  now  are,  and  tlie  table  contained  only  one  page ;  the 
process  of  interpolation  was  then  difiicult,  and  liable  to  a  conriderable  degree  of 
inaccuracy,  sometimes  amounting  to  mure  than  half  a  minute.  This  source  of  error 
lias  been  successively  diminished  by  increasing  the  number  of  pages  in  the  table ; 
and  it  was  finally  published  by  Mr.  Thompson,  in  nearly  tha  same  form  as  in 
Table  XLVIII.  of  the  present  collection,  which  is  so  extended  that  we  can,  without 
much  error,  neglect  wholly  the  process  of  interpolation,  and  take  out,  by  mere 
inapection,  the  tabular  correction  for  the  nearest  degrees  in  the  table  corresponding 
to  the  distance  and  allimdes.  Thus,  if  the  apparent  distance  be  29°  Iff,  the  moonv 
apparent  aititiide  21°  IS',  and  the  star's  apparent  altitude  18°  W,  we  must  enter  the 
table  in  fiH),'e  378,  corresponding  to  the  apparent  distance  28°,  moon'a  altitude  21°, 
star's  altitude  16°,  and  lake  out  the  corresponding  correction  1'  1^' ;  which  diiFera 
but  very  little  from  the  true  value,  found  by  inter[>olation. 

This  second  method  has  not  the  same  advantage  as  the  first  method,  of  being 
wholly  free  from  cases,  for  the  second  correction  is  lound  at  the  bm  of  Table  XLVIL 
when  the  distance  is  greater  than  90°,  and  at  the  boUom  when  less  tnan  90° ;  moreover 
the  effect  of  the  partial  of  the  sun,  or  that  of  a  planet,  is  sometimes  addiiive,  and  at 
other  times  tiibtracluK.  In  this,  as  well  as  in  the  third  and  fourth  methods,  the 
preparation  is  the  same  sa  in  the  first  method  ;  and  the  process  of  finding  the  longi- 
tude from  the  true  distance  is  also  the  same :  it  will  therefore  be  unnecessary  to 
repeat  the  rules  for  these  calculations,  which  we  have  given  in  pages  229,  U31 
and  we  shall  restrict  ourselves  to  the  explanation  of  the  process  for  computing  the 
true  distance,  which  is  done  in  the  following  mantter : — 


To  the  proportional  logarithm  of  the  moon's  horizontal  paiallax,  (Table  XXTI.)  add 
(be  log.  coeecam  of  the  star's  apparent  altitude,  (Table  XXVll.)  the  log.  sine  of  the 
•tar's  apporent  distance,  (Table  XXVII. ;)  the  sum  (rejecting  the  tens  in  the  indices) 
will  be  a  logaritlun  whlca  is  to  be  foiinrl  in  Table  XLVIL ;  and  the  correepondiDg 
number  of  degrees,  minutes,  and  seconds,  taken  at  the  top  of  the  page,  is  tbofrtt 


To  the  proportional  logarithm  of  the  moon's  borizonlal  parallax.  (Table  XXII.]  add 
tbe  log.  cosecant  of  the  moon's  api«Teiit  altitude,*  (Tsole  XXVII.)  and  the  log; 
tangent  of  the  apparent  distanca,  (Table  XXVII. ;)  the  sum  (rejectii^  me  tens  in  the 
mdicee)  will  be  a  logarithm  wluch  is  to  be  found  in  Table  XLVlL ;  and  the  cotre- 
tponding  leamdcoTTtdion  is  to  be  found  at  the  topof  the  table,  if  theapparentdistanca 
exceed  90° ;  hut  the  ucond  cmrteHaa  is  to  be  found  at  tha  bottom  of  the  table,  if 
the  apparent  diatBDce  be  len  than  90°.  ^ 

*  1  he  Hine  nijs  may  be  oxd  lor  the  ran  or  a  plaaat,  etmaadoc  (at  Iba  paraUui  bv  mitini  af 
Tabia  XLIX.  aol  L.,  u  will  be  ihowii  hwnner. 


S40  LUNAR  OBSERVATIONS. 

Take  tbuOMeorKdumibr  in^>eclion,fTOfnTaUeXLVin.,fr>rtbeD«u««  degrees 
carreapundiiie  to  the  apparent  distaneee  and  altituiloa. 

Add  iheee  Uree  convctions  ro  the  apparent  diaunce ;  the  Bum,  decresaed  by  lO" 
givea  the  true  Htlanet  qfUit  tnoemfiom  Oie  itar. 

Wheu  the  tnin  u  used,  instead  of  a  star,  we  must  take  out  the  coirBCtion  fbr  the 
fun'g  panillax,  in  the  pan  P,  of  the  aame  page  of  Table  XLVIII.  in  which  the  third 
correcDon  is  found ;  and  this  correction  n  to  be  applied,  b;  addition  or  fuMroctton, 
according  to  its  ei^  in  the  table,  to  the  true  distance  atkove  computed,  as  for  a  Btar. 

When  a  planet  a  used,  we  can  find  the  correction  of  the  distance  for  the  planet't 
parallax,  by  means  of  TableaXLIX.,L.  Tbe  first  of  these  tables,  being  entered  with 
the  nearest  degrees  of  the  distance  and  altitudes,  gires  the  correction,  with  its  sign, 
Buppoeing  the  norizonlal  paiallax  to  be  100".  This  ia  reduced  to  the  Bcnul  parallax 
by  means  of  Table  L.  We  may  also  find  this  correction  very  nearly  by  the  table 
marked  P,  on  the  sauie  page  of  Table  XLVIII.  where  the  third  correclion  ia  found ; 


which  gives  the  correction  of  the  distance,  with  its  sign,  supposing  the  horizontal 
patvllax  to  be  equal  to  the  sun's  mean  parallax,  6^.6;  if  the  honzoniS  parallax  of  the 
planet  be  greater  or  less  then  8".fi^  this  correc^n  must  be  increased  or  decreased  in 
the  same  proportion,  always  retaining  the  some  mgn.  The  correction  thus  found  is 
to  be  applied  to  the  tnM  dUtonce,  above  computed  for  a  star. 

EXAMPLE  VIII. 
[B«ii«  the  ttmt  u  Kiamplb  III.,  pace  134.] 
that,  on  October  30,  1836,  sea  account,  in  the  fnrenoon,!: 


Suppose  th 
jfBO'WTby 


,  y  accouiit,  St  9'  43'  47',  mean  time,  the  observed  diMuice  of  dw  d 
limb  of  the  sun  and  moon  was  111°  34' 50",  the  altitude  of  the  sun^  lower  limb 
34°  55*,  and  the  altitude  of  the  moon's  lower  limb  36°  25'.  Required  the  true 
longitude. 
•  The  preparation  is  the  same  as  in  page  334,  which,  for  want  of  room  on  this  page, 
we  shnll  not  repeat,  but  merely  ^e  the  results,  namely :— Apparent  disiaucs 
llanos' 53";  ^Baminrentaltiiude25°07';  It's  apparent  altitude  36°  37' ;  ]|'s  semi- 
diameler  14'  sS' ;  jt's  horizontal  parallax  54*  10". 
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LDNAa  OBSERVATlOira. 


EXAMPLE   IX. 
[Same  ■«  Eia>flb  I.,  paga  131.] 


SoppoM  that,  on  the  7tb  of  Januai?,  1636,  Ma  account,  at  11"  57'  mean  tiiu& 
pMt  midnight,  in  the  longitude  of  127°  SC  £.,  by  account,  the  observed  diatance  of 
tbe  fanfaeBl  limb  of  the  moon  from  the  star  Aldebaran,  was  68°  36'  00",  the  observed 
altitude  of  the  ator  33°  14',  and  the  obaerved  altitude  of  tbe  moon's  tower  limb 
34°  43/.    Kequired  the  true  long itude. 
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LUKAE  OBSERVATlom 


THIRD  METHOD 

Offin^n^  tht  trut  distanee  of  the  moon  front  the  sun,  tt  planet,  or  a  ttar 


From  the  sun's  relraetion  (Table  XIL)  take  bis  paratlax  in  altitude,  (Table  XtV, ;) 
Ihe  remainder  call  the  cometion  of  the  ftm'i  altitude.  In  like  manner,  if  a  planet 
be  used,  we  must  find  the  planet's  refraction,  [in  Table  XII.)  and  subtract  from  it  the 
para.1la3  id  altitude,  (Table  X.  A.;)  the  remainder  nil!  be  the  eomdum  of  thepUmi^t 
tdtitutU.  But  if  a  star  be  used,  we  must  find  the  refimctioii,  [Table  XII.]  and  thai  wiL 
be  Ihe  corrtdiim  qf  Ike  tltn'*  altiiude.* 

From  the  proportioDal  logarithm  of  the  moon's  honzMital  paraJlox,  (increoBinK  the 
uidex  by  10,)  take  the  sine  of  the  moon's  apparent  zenith  distance,  (Table  XXVtI. ; 
tne  remainder  will  be  the  prop.  log.  of  the  parallax  in  altitude,  which  must  be  fauna 
in  Table  XXII.,  and  the  moon's  refraction  (Table  XII.)  subtracted  tfaerafrom ;  the 
remainder  will  be  the  correction  of  the  moon's  altttude.f 

Adcl  together  the  apparent  distance  of  Ihe  sun  and  moon,  [planet  and  moon,  or  star 
and  moon,)  and  their  apparent  zenith  distances,  (or  complement  of  their  apparent 
altitudes,)  and  note  tkeha^-tum  of  these  numbers;  the  difference  between  the  half- 
aum  and  the  moon's  apparent  zenith  distance  call  the  first  remaitukT ;  and  the  difter- 
ence  between  the  half-sum  and  the  sun's  (planet  or  star's)  apparent  xenith  dietane^ 
call  the  itand  remainder. 

To  the  cnnstant  log.  9.6990  odd  the  cosecant  of  the  half-sum,  and  the  sine  of  the 
apparent  distance,  (both  taken  from  Table  XXVU. ;)  the  sum  (rejecting  SO  from  the 
innex)  wilt  be  a  retened  logarilhm. 

To  the  reserved  logariuun  add  the  sine  of  the  sun's  (planet  or  star'sj  apparent 
zenith  distance,  the  cosecant  of  the  first  remainder,  (both  taken  from  Table  XXVll.) 
and  Ihe  prop,  jog.  of  the  correction  of  the  sun's  (planet  or  stu's]  altitude,  (Table 
XXn.;)  the  sum  (rejectiDg  30  from  the  index)  will  be  the  prop.  log.  of  the,/mioot^ 
rtction,  to  be  found  in  Table  XXIL 

To  the  reserved  logarithm  add  the  sine  of  the  moon's  apparent  zenith  distance,^ 
the  cosecant  of  the  second  remainder,  (Table  XXVU)  and  the  prop.  log.  of  the 
correction  of  the  moon's  altitude,  (Table  XXII. ;)  the  sum  (rejecting  30  from  the  index] 
will  he  the  prop.  log.  of  the  accorid  cmredton,  to  be  found  in  Table  XXII. 

Tiieu,  to  the  apparent  distance  add  the  correction  of  the  moon's  altitude,  and  the 
first  correction,  and  aubtrsct  the  sum  of  the  second  correction  and  the  correction  of 
the  sun'H(i>lanet -or  star's)  altitude;  the  remainder  will  be  the  corrected  distance. 

Enter  Table  XX.,  and  find  the  numbers  which  most  neariy  agree  with  the  obaerred 
distance,  and  the  observed  altitudes  of  Ihe  objects,  and  take  out  the  corresponding 
correction  in  seconds,  which  is  to  be  added  to  the  corrected  distance,  and  tlien  IB* 
Aibtracted  flxim  the  sum ;  the  remainder  will  be  the  true  distance.^ 

We  shall  now  gire  an  example  of  this  third  method  of  correcting  the  distance ;  but 
it  will  be  unnecessary  to  repeat  the  preparation  and  iba  process  to  Snd  the  longitude, 
as  it  is  very  nearly  the  aame  as  in  page  333. 


ii  EiiiiPi.1  L,  preeei£Dg;.] 

«  of  the  moon  from  the  star  AMebaran 
e  apparect  altinide  of  the  tfar  33°  lO*,  the  apparent  altitude  of  the 
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■  horizontal  parellax  S5'  24".    Required  the  true 


Hor.  pv. 591  Sf r.  L.  ID.ailg 

S  MBlLlidiil.M'06'....BlM    Miaa      « nikaelliin  Ual* 


Corr.  i  ilLiiuda  14  OS 


RewrTBd  lof. D.Gm 

II  i«itUidlil.SS*Q9i...Slne    8,8138 

Bd  Ram.  33*  W Cohc  lD.S«<in 

J)  Cm.AVW F.l-    O.HIIO 

aiCan.l'B'W" P.  L.    0.«aw 


Second  coneMkn...  !«   r  40" 

Cormclina  W  dlllude         1  31    nib.     1     4  II 

CormWd  diiUntB 63  01  M 

Comc^DnTableXX.  — 18" 7 

Ge°0S'01"  Hgreeiaf  withiuFoflhefirit  melhud. 

Thii  method,  u  well  as  the  first,  ma  invented  hj  the  author  of  this  work,  wh^ 
Jso  improved  Witchell'e  meiliod,  and  reduced  conaiderahly  the  number  of  CMea. 
These  improrementB  were  miuie  in  coi)eer|iience  of  a  BiigeeBtion  of  the  late  Chief 
J  uatice  Farsona,  (a  gentleman  eminently  dislinguislied  for  hia  mnthematicnl  ac^jiiire- 
mentH,]  who  had  eomcwhut  simplified  Witcliell's  procesa;  and  it  was  found,  ujioi 
examination,  that  this  improTeineni  could  be  extend<.>d  farther  than  he  hB<l  done  it, 
and  that  the  number  of  case?,  with  the  manner  of  applying  the  corrections,  coulil  he 
rendered  more  simple  and  symmetrical.  This  improvement  of  Witchell'a  proccw 
we  shall  now  insert  as  the  fotuth  niothod  of  computation. 


FOURTH  METHOD 
Ofjai£iig  tie  tnu  distanee  of  the  moon  from  the  nm,  a  planet,  or  a  $lnr 


From  the  ran's  reftaotion  (Table  XII.)  toke  tiis  torallox  Id  altitude,  (Table  XIT. ;) 
tbe  remainder  will  be  the  correction  rf  the  tvn'i  aUitvde.  In  like  manner,  if  a  [>la>iet 
be  naed,  we  must  find  the  planet's  refkction,  (in  Table  XII.)  and  eabtract  from  it  the 
parallax  in  altitade,  (Table  X.  A. ;)  Ae  remaituler  wU  be  the  correction  <f  theplanei's 
abilvdn.  Bnt  if  a  star  be  observed,  we  must  fiud  the  refraction,  (Table  XII.;)  and 
that  will  be  the  correction  of  the  star's  aUitvde.* 

From  the  proportional  logarithm  of  the  moonV  horizontal  parallax,  (increasing  the 
Itidez  by  10,)  take  the  cosine  of  the  moon's  apparent  altitode,  (Table  XXVU.O  the 
remidnder  will  be  the  proportional  logarithm  of  the  moon's  parallax  in  altitude ;  from 
which  sobtracting  the  moon's  refraction,  (Table  XH.)  the  remainder  will  be  &e  cor- 
reetiojt  t^Ae  moon's  iiiliiude.\ 

*  This  enmotion  may  be  found  in  Table  XVII.  or  XV ill.,  *•  U  ahown  in  s  note  to  tha  third 
nethod,  in  page  SIS. 
X  rn./ ^.^  m^lM  fonnd  by^bteXlX-  asia  sbown  in  a  note  to  the  third  mvthod. 


144  LUNAR  OBSERVATIONS. 

1.  Add  tcKrether  tlie  apparent  altitudes  of  the  moon  and  iun,  (planet  or  atar,}  and 
lake  the  half-Bum;  aubiract  the  least  altitude  from  the  greateM,  and  take  the  half- 
differeDce;  then  add  together 

The  tangent  of  the  half-sum, 

The  cotangent  of  the  hHlf-difTerence, 

The  tangent  of  half  the  apparent  dbtance ; 

The  sum  [rejecting  30  in  the  index)  will  be  the  tangent  of  the  angle  A,  nbien 
miiBl  be  wiughl  for  in  Table  XXVII^  and  taken  out  leas  than  90^  when  the  eun'a 
attitude  is  less  than  the  moon's,  othenviw  greater  than  90°.*  The  d(^cmux  of  tba 
angle  A,  and  half  the  apparent  distance,  b  to  be  called  the,JEnt  angle,  and  their  sum 
the  ncondtmgk. 

2.  Add  together  the  tangent  of  the  first  angle, 

The  cotangent  of  the  sun,  planet,  or  star's  apparent  altitude, 

The  prop.log.  of  the  correction  of  the  sun,  planet,  or  snu's  altitude; 

The  sum  (rejecting  SO  in  the  index]  will  be  the  prop.  log.  of  the^ft  eorrKtlon. 

Or  the  refrectioQ  (Table  Xn.)  corresponding  to  the  first  angle,  or  its  supplement, 
will  be  the  first  correction  nearly ;  particularly  if  tbe  altitude  of  the  sun,  planet,  or 
star,  be  great,  and  the  first  angle  be  near  90°. 

3.  Add  together  the  tangent  of  tbe  aecond  sngle, 
The  cotangent  of  the  moon's  apparent  altitude, 

The  prop.  log.  of  the  correction  of  the  moon's  altitude; 

The  sum  (rejecting  20  in  the  inde\)  will  be  the  prop.  log.  of  tbe  seamd  eamedum. 

4.  Tbe  first  correction  is  to  be  added  to  the  apparent  distance  when  the  first  an^ 
is  less  than  90°,  otherwise  subtracted ;  and  in  the  same  tnannfar  the  second  correction 

o  be  added  when  the  second  angle  is  lees  than  90°,  otherwise  subtracted.  By 
)lying  these  two  corrections,  we  shall  obtain  the  corrected  distance, 
tenter  Table  XX.,aj]d  find  the  numbers  which  most  nearly  agree  with  the  observed 
distance  and  tbe  observed  Bltiludea  of  the  objects,  and  lake  out  the  corresponding 
tliird  correction  in  seconds,  which  is  to  be  added  to  the  corrected  distance,  and  then 
16"  subtiBcled  from  the  suri  ;  the  remainder  will  be  the  true  distance. 

We  shall  now  give  an  example  of  this  fourth  method  of  correcting  the  distaneea. 
omitting,  as  before,  the  preparation  and  the  computation  of  tbelongituaefromtbe  tnw 


applyini 
Enter 


EXAMPLE  XI. 

[The  wow  ai  Eximplc  L,  pracediag.) 

Suppose  the  apparent  distance  of  the  centre  of  the  moon  from  the  star  AldebaiSw 

was  68°  SW  45",  the  apparent  altitude  of  the  star  WP  IC,  the  apparent  altitude  of  tiM 

moon's  centre  34°  55',  and  the  moon's  horizontal  parallax  55*  34".     Required  the  tT\ie 

distance  of  the  moon  from  the  star 
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,  WCon..,.  18'  34". -P.  L.   0.9866  Sd  imt.  TaWe  XX.— 18" 7_ 

Tnwditlaoce 68  03  Ot 

Agreeing  wiihu  3"  of  (be  fint  mMlio<^ 

■  Enneolaigeni  ia  Table  XXTn.  cormpoad*  to  two  aaglei,  ibe  one  gnswr  ibta  90°,  Ow  tUtm 
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MHkad  of  eomcHftg  for  the  second  differences  of  the  motiotts  of  the  bodies  in 
computing  a  lunar  observation. 

In  all  the  preceding  calculadons,  we  have  neglected  tbe  second  difleiences  nf  tlie 
moon's  motiou,  in  the  tnleivalB  of  3  hours,  between  the  thnes  in  which  the  distniicei 
tire  marked  in  the  Nautical  Almanac  The  currection  arising  froni  this  soiiiLe  is 
generally  quite  email,  and  may,  in  most  caaes,  be  neelocted,  aa  coming  wjtbiu  the 
Umils  of  the  usual  errors  of  such  observatiuna.  It  ie,  however,  very  easy  to  find  this 
correction  by  means  of  the  following  table,  which  is  similar  to  that  iu  page  484  of  the 
Nautical  Almanac  Ibr  1S36.  In  using  this  table,  we  must  find  the  diflereiice  between 
the  two  pro|>onional  loganthms,  correspoiiding  to  the  disiancea  in  the  Nauiicol  Alma- 
nac, which  uiclude  the  given  distance.  This  difference  is  to  be  sought  for  at  the  top 
of  the  table  ;  and  at  the  side  we  must  find  the  interval  which  is  calculated  in  the  last 
pan  of  the  process  of  computing  the  true  longitude,  being  tbe  time  between  tlie  hour 
ninrked  first  in  the  Nautical  Alnianac.and  the  mean  time  of  observation  st  Grceunich. 
The  number  of  seconds  in  the  table  corresponding  to  these  two  arguments  is  to  be 
applied,  according  to  the  directions  in  the  tatile,  an  a  correction  to  the  time  at 
Greenwich,  computed  by  either  of  the  preceding  methods. 

ExiMFi^  1.  Thus,  in  the  example  page  232,  we  find  that  the  two  nroportionaj 
lorarithmB  corresponding,  on  January  Gtb,  Co  3'  and  6',  are  2871^  2864,  whose 
diSereiice  is  B;  and  the  interval  past  3°,  computed  in  page  232,  a  Q*"  41"'  14*. 
Entering  the  table  with  8  at  the  top,  and  0'  40°  at  tbe  side,  (which  is  the  nearest 
number  to  the  interval  0**  41'°  14*,)  we  get  the  corret^n  2',  to  be  added  to  the  time 
at  Gtvenwicb,  S**  41'  14',  (computed  in  page  233,)  because  the  logarithms  are 
decreanng ;  beucf  the  corrected  time  at  Greeuwich  ia  3'  41*  16*. 

ExAifpi,E  2.  In  the  example  page  237,  we  find  that  the  two  proportional  logu- 
riihms  corresponding,  on  June  20th,  to  9''  and  12'>,  ere  2965  and  39iB,  whose  ditfereiice 
ie  16>  Under  this,  and  opposite  the  interval  l^SS*"  38>, computed  in  page  237,  (or  tlie 
nearest  tabular  number  S>  0°,]  we  find  a  correction  4'  to  be  added  to  tbe  time  at 
Greenwich  10^  55™  28',  computed  in  page  237,  making  the  corrected  time  at  Green- 
wich 10»  55-  SO: 
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LUNAK  OBSERVATIOVS. 


MeOtod  of  taking  a  hmar  observation  by  one  observer. 

Three  observen  are  required  to  make  the  neceasary  obaervations  for  detertni&iiig 
ire  loDgitude;  one  to  meaBure  the  distaoce  of  the  bodies,  and  the  otbora  lo  take  the 
altitudes.  In  case  of  aot  having  a  sufficient  number  of  instrumeDts  or  obeerren  to 
take  the  altitude^  it  haa  been  customary  to  calculate  them ;  there  being  given  t_ie 
latitude  of  the  place,  the  apparent  time,  the  right  BBcenaiona,  and  the  declinations 
of  (he  objects.  These  calculations  are  long,  when  an  altitude  of  a  star  is  to  be  com- 
puted, and  much  more  ao  when  that  of  the  moon  is  required ;  and  a  considerahle 
degree  of  accuracy  is  required  in  finding,  from  the  Nautical  Almanac,  the  rnoon'a 
right  ascension  ana  declination,  which  must  be  liable  to  «ome  error  on  account  uf  the 
uacertainiy  of  the  ship's  longitude.  The  following  method  of  obtaining  those  alti- 
tudes is  far  more  aimple,  and  sufficiently  accurate.  This  method  depends  on  the 
supposition  that  the  altitudes  increase  or  decrease  uulfbrml^. 

Before  you  measure  the  distance  of  the  iMxiies,  lake  their  eltitudee,  and  note  the 
times  by  a  chronometer;  then  measure  the  distance,  and  note  the  time,  (or  you  may 
measure  a  number  of  distances,  and  note  the  corresponding  times,  and  take  tne  mean 
of  all  the  times  and  distances  for  the  time  and  distance  respectively  ;]  after  you  have 
measured  the  distances,  again  measure  the  altitudes,  and  note  the  times;  then,  Irom 
the  two  observed  altitudes  of  either  of  the  objects,  the  sought  altitude  of  that  object 
may  he  Ibund  in  the  following  manner: — 

Add  together  the  proportioDsl  logarithm  (Table  XXII.)  of  the  variatioD  of  attitude* 
of  the  object  lietween  the  two  times  of  observing  the  aMtudea,  and  the  prop.  log.  of 
the  time  ela])Sed  between  taking  the  first  altitude  and  measuring  the  distance;  nom 
the  sum  subtract  (he  prop,  log.f  of  the  time  elapsed  between  ol^erving  the  two  altitudes 
of  that  object ;  the  remainder  will  be  the  prop.  log.  of  the  correction,  to  be  applied  to 
the  tirst  altitude,  additive  or  sublTBctive,  according  aa  the  altitude  was  increasing  or 
decreastDg ;  to  the  altitude,  thus  (wrrected,  apply  the  correction  for  dip  of  the  honzm 
and  Beniiaiotueier,  as  usual 

EXAMPLE. 

SuppOM  the  distances  and  altittides  ot  the  aun  and  moon  wn«  obeerred,  as  in  the 

foHowmg  table ;  it  is  required  to  find  the  altitudes  at  the  time  of  measuring  the  mean 


Variaticm  D'laliJludc..  Sf  Prop.lo^.    7938 

Time  IM  obHivHticHi  p     f<tI><^ 
Mmd  lime  of  obiOfving  )  j  ^j^ 


Diflen 


....  a  30  Pnq>. log, l.ffliTa 

1.5811 

CorrMlioB  of  altilude. 
Finl  Blitlude  of  moon 
Alt.  d'sL.  L.altimeor?,,     ^ 
tl»meaii(^.ofcii>L    {£L_1 


0*  W  Pnp.  log.    MM 
.  90  46  add. 


KAimca..     4  30 


I    30 


Elapsed  lime  b4 


Diffitrence t   00  Prop,  log.  l.9B«t 

S.3T» 

4  30  Prop.  ki«.  1.6011 

ComclionofBliitudo...    0°30'  Prop.log.    7749 

8nb,  Ihune'i  lit  ilUtode  40  M) 

Ah.  Ofi  L.  L.  ai 


Thus,  at  tbe  time  S'  4'°  SO',  the  mean  observed  distance  of  tbe  lun  tmd  moon^s 
nearest  limfae  was  40°  V  40",  the  altitude  of  the  moon's  lower  limb  31°  6*,  and  tha 
altitude  of  the  sun's  lower  limb  3E^  50* ;  these  altitudes  must  be  eotreeied  tot  dip  ana 
eeniidiameter  as  usual. 

*  Table  XXII    is  only  cslculBled  u  fai  u  3°,  and  if  tbs  vuiuim  of  iiltitiide  eieeiid  that  quanUtj, 
rou  musl  enter  the  tsl>1e  with  minutes  and  second!,  initead  of  degrees  and  minutes  ■,  and  tbe  e«Teeiiac 
seconds  must  be  called  de|;ree3  and  minutes  retpedivnlv 
lent,  neglecting  10  ia  the  i^«  of  the  uib 
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In  ttus  manner  I  haT«  often  obtained  the  aliitudea  in  much  lew  tline  than  th«j 
could  have  been  obtained  by  other  caiculationa. 

Tbe  nme  method  may  be  lued  for  finding  the  ami's  altitude,  when  lakine  an 
■zimutfa,  by  noting  the  times  of  taking  the  obeervationa  by  a  chronometer,  uiid  taking 
two  altitudes,  the  one  before,  the  other  after  the  observation,  and  propoitioiiing  ha 
iltitudea  as  above. 

Any  person  who  wishes  to  calculatti  mictly  the  apparent  altitude^  may  proceed 
.  according  to  the  following  rules: — 


The  t^parent  (tme,*  the  shi^s  latitude  and  longitude,  aad  the  iun's  deelination 
given,  tofiM  the  teppareat  altitude  of  Mi  centre. 

RULE. 

With  tbe  apparent  time  from  noon,  enter  Table  XXIII.,  and  from  the  column  of 
rinng  take  out  the  logsrithm  corresponding,  to  which  add  the  log.  cosine  of  Che 
latitude,  and  the  log.  coaine  of  tbe  sun's  dedinatton ;  their  sum  [rcjectinK  SO  in  the 
bdex)  will  be  the  logarithm  of  a  natural  numlxir,  which  being  subtracted  Iroin  the 
natural  cooine  of  the  sum  of  the  declination  and  latitude,  when  they  are  of  diftiireni 
names,  or  the  natural  coune  of  their  diSerence,  when  of  tbe  same  name,  will  leave 
the  natural  line  of  the  sun's  trut  altitude  at  the  given  time.  The  refractioo,  leas 
parallax,  being  added  to  the  true  altitude,  will  give  the  appartnt  altitude. 

In  general,  it  will  be  near  enough  to  take  out  tbe  refraction  only  trom  Table  XII., 
■nd  neglect  tbe  parallax. 

EXAMPLE  1. 

)  Bun'a  centre,  in  L 
75°  W^  July  36, 1836,  at  6^  56"  30*  iu  the  niomuig,  apparent  time,  sea  accouuu" 

ia»  O-O- 

Appartnt  time 6  56  30 

Apparent  time  from  noon  5    3  30  Its  \oa,  in  coliinm  of  rising . . .  • 

Latitude 49  57    ON.  Its  log.  cosine 

Declination  01  that  time..  19  24  15  N  Its  log.  cos'me 


Difierenee 30  39  45 

True  altitude S3  44 

Re&action add  3 

Apparent  altlDide 23  46 


EXAMPLE  \l. 

What  will  be  tbe  true  altitude  of  die  sun's  centre,  u)  the  latitude  of  39°  30' N.,  and 
-  the  lon^tude  of  40°  50*  W.,  November  S6, 1836,  at  3*  21-  ao*,  a^arttd  linie,  in  the 
afternoon,  sea  account  P 
Apparent  time  fivm  noon    3^31-30*  Its  log.  in  column  of  riung  ....  4.55900 

Latitude 39  30  00  N.         Its  log.  cosine 9J8844 

Declino&HiU  that  tinM  20  S3  09  8.  lu  log.  conne 9ir704a 

Natural  number  26177  Its  log.  z=  4.41792 

Sum 60  13  09  Natural  corine    49668  

TnKBhmide 13  35  Natural  sine. . .  23491 

Re&action add 4  

Apparent  altitude 13  39 

moil  dsdoee  <roin  it  iba  appaitai  iIaa^  by  *pp'y>ng  ihE  equalioi 
^  ( ligB  from  IliU  in  Uie  lahle,  u  laugtil  id  the  miroducUuu  lo  Iho  uiblai 
lU  equation  ii  fbuad  mora  cotncUr  in  pace  IL  of  Um  Nuilieal  Almaau. 
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The  apparent  lime,  with  the  latitude  and  longiivde  of  the  ship,  given,  tojiHil  th* 
apparent  altitude  of  the  vioon's  centre. 

1\ini  the  longitude  into  time,  (by  Tnble  XXI.)  and  if  in  weet  loiiKituile  arid  it  to, 
but  in  eaM  lonKitude  subtract  it  &otn,  the  eppareuE  time  *  at  tbe  sbip  ;  the  aum  oi 
difference  will  be  the  oppareul  lime  at  Greenwich.  From  this  we  may  deduce  the 
mean  time  at  Greenwich,  which  is  wanted  in  finding  the  rooou's  right  agcenaion 
and  declinntioD. 

TaJie  the  sun's  right  ascenaion  from  the  Nautical  Almanac  for  the  preceding  noon 
at  Greenwich,  and  add  thereto  tlie  correction  taken  from  Table  XXXI.  correapiiiiding 
to  the  houra  and  ininules  of  the  time  at  Greenwich  ;  the  aum  will  be  the  suu'a  right 
ascenaion,  which,  beine  added  to  the  apparent  time  at  the  ship,  will  give  tbe  right 
BBcenBJon  of  tlie  meridian,  rejecting  24  houra  when  the  aum  exct^s  24  hours- 
Take  from  the  Nautical  AlmanBC  the  moon's  right  ascenaion  and  declination  for 
the  liuie  at  <ireenwich ;  tben  the  difference  between  the  moou's  right  ascension  and 
the  right  ascension  of  the  meridian,  will  be  the  moon's  distance  )  from  the  nji'rictian, 
with  which  enter  Table  XXIIL,  and  take  out  the  correg|)onding  loEi>nthi>i  thiin  iho 
colimm  of  rising,  and  add  thereto  the  log.  coeine  of  the  latitude  of  the  ship,  and  the 
log.  cosine  of  the  decliiiatiou  of  the  moon  ;  tbe  sum  (rejecting  20  in  the  index)  will 
be  the  logarithm  of  a  natural  number,  (Table  XXVI.)  which, heing  subtracted  ftom 
■he  natural  cosine  (Table  XXIV, )  of  the  sum  of  the  declination  and  latitude  when  of 
different  names,  or  the  natural  coeine  of  their  difference  when  of  the  same  name,  will 
leave  the  natural  sine  of  the  moon's  true  altitude ;  from  which  subtracting  the  correc- 
tion corresponding  to  the  altitude  in  Table  XXDC4  there  will  remain  the  aiipattid 
altitude  nearly. 

£XAMFL£. 
What  was  the  moon's  apparent  altitude,  April  29, 1836,  sea  account,  at  7*  55"  52* 
P.  M.,  in  latitude  ASP  34'  S.,  longitude  05°  0?  30"  W,  from  Greenwich  ? 


Apparent  time  at  Greenwich April  28  12 

Sun'a  right  ascenrion,  April 38^  12'  16-  23*,  by  Nautical  Almanac. ....    V. 
Apiwrent  time  at  the  sinp 7 


J)'s  distance  from  the  inoridlan  . 


])'s  apparent  altitude....  •)?   08  nearly. 

This  altitude  would  he  decreased  nearly  V,  if  the  true  correction  of  the  altitudn, 
correi>[H)iiilinK  to  the  1)'b  borixontal  (larBllaj:,  5V,  were  used,  as  may  be  seen  in 
note  \,  at  (he  bottom  oflhe  page. 


may  remark,  ihflt  this  prwgss  of  finding  ihe  iim( 

fhronnmewr  rcgiilaleri  foi '■■"-  -'  ':— — -^-i^ 

Ijiiw,  by  applying  Ihe  eqi 
■  dilfrienl  sign  from  iHhi  in  Uie  iRbie. 
i  Hlim  llw  disinnFe  eiuedi  It  houn.  ynu  diuii  enter  Tdile  XXIII.  wilh  (be  difleience  henraea 


le.  U(k«  from'  the  NaulicaJ  AJmimac,  or  ftam  Tahle  IV.  > 


ni  and  the  appnreni  slliiiide  round  hy  Ihe  above  procen,  and  mhtractiDf 
41".  Taat.  if  Ihe  p'l  honuuilaJ  pBiaJlKx  isS9',  and  Ihe  D'c  ujpnrcat 
■rauld  !»  St'  42"— 13'  6e">>45'  47",  liuiead  of  44'.  wbich  b  lued  tbovft 
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The  apparmt  time,  unth  the  latitude  and  longitude  of  the  ship,  being  given,  ta 
find  the  appartnt  altitude  of  the  centre  ofapltmet. 

Turn  the  longitude  into  time,  (by  Table  XXI. ;)  and  if  west,  add  it  la,  but  if  east 
loDgiiude,  subtract  it  froiD,  the  apparent  time  at  the  ship ;  the  sum,  or  difference,  will 
be  the  appai«nt  time  at  Greenwich.  From  this  we  may  deduce  the  mean  time  at 
Greenwich,  wluch  is  required  in  finding  the  right  ascensioD  and  declination  of  the 

Take  the  sim's  tight  ascension  from  the  Nautical  Almanac,  for  the  precediiig  noon 
at  Greenwich,  and  add  thereto  the  correction  taken  from  Table  XXXl.,  coirviHiODd- 
ing  to  the  hours  and  minutes  of  the  time  at  Greenwich  ;  the  sum  will  ho  the  eud's 
right  osceDsion,  which,  bemg  added  to  the  apparent  time  at  (he  slilp,  will  give  ttie  right 
ascension  of  the  meridian,  rejecting  04  Iiouib  when  the  sum  exceeds  34  hours. 

Take  from  the  Nautical  Almanac  Ibe  planet's  right  ascension  and  declination  for 
the  time  at  Greenwich ;  then  the  difference  between  the  planet's  right  ascension  and 
the  right  ascension  of  the  meridian,  will  be  the  ulauet's  diatance  )  from  the  meridian ; 
with  which  enter  Table  XXIII.,  and  take  out  the  corresponding  logariihm,  from  the 
columu  of  riaing,  and  add  thereto  the  log.  co^ne  of  the  latitude  of  the  8hi|i,  and  the 
log.  cosine  of  the  decliitatioi]  of  the  planet;  the  sum  (rejifcting  30  in  the  index]  will 
be  the  logarithm  of  a  natural  number,  (Table  XXVI.)  which,  being  subtracted  trom 
tlie  natural  cosine  (Table  XXIV,]  of  tfae  sum  of  the  declination  and  lalimde  when  of 
diH'erent  names,  or  the  natural  cosine  of  their  difference  when  of  the  same  name,  will 
leave  the  natural  aine  of  the  planet's  true  altitude ;  to  which  add  the  correction  of 
altitude  for  panllax  and  retraction,  and  we  shall  get  the  apparent  aldtude ;  observing 
that  this  correcuon  is  found  in  Table  XVII.,  in  the  page  corresponding  to  the 
horizontal  parallax  of  the  planet ;  the  difference  between  the  tabular  number  and 
£0  being  the  coireciion  of  tfae  planet's  altitude  for  refraction  and  paxallaz. 

EXAMPLE. 


April  09,  sea  account,  is  by  aHtronomical  account April  28''    7'' 55"  58* 

Longitude  ^  07'  30"  W^  in  time 4    20   30 

Apparent  time  at  Greenwich April  28  18    16   jQ 

©s  right  ascensionifApril  2&'  12'  16"  22"  by  Nautical  Almanac  2   25    11 

Apparent  time  at  the  ship 7   55   52 

Right  ascension  of  the  meridian 10   21    03 


Rigl 

JJTs  distance  from  the  meridian. . . .' 3   33    55 

CorreaponHing  to  which,  in  the  column  of  log.  riaing,  is 4.()0733 

Latitude «°34'8. Cowne  9.NJ717 

DecliDation 83  16  N CoBine  9.9<i316 

Sum 65  50 


Jl't  apparent  ahitude 7  54 


*  Thii  is  more  cauly  obtained  by  ■  ctuoDomelei  retiDlated  to  Ordenwich  lime,  u  In  the  preceding 
exaraple  or  Gndiu  the  aliitude  of  ibe  moon. 

t  When  lbs  duunce  eicecdi  l£  boon,  700  imui  ealer  Table  XXIII.  with  itw  dllTerGDce  beorau 
Ibal  diftfmee  uid  14  bours. 

X  The  Min'i  rifbt  uceraion  st  noon,  ApHI  S8,  ii  »  !3  >  IS>jmd  Ibe  borxry  nolion  9>.4S4,  whick. 
for  »  16"  a',p»ei,by  Table  XXXl.,  116"  ==1'  B6"  nearly;  adding  liiif  10  !*»»  IS-,  we  get  tbe 
A*!  right  BHeuftion  Z>>  ^n  \\K  Tbe  pianet'i  right  aBceniiou  and  deelinatioa  are  found  by  inApeciion  in 
the  Naotieal  Almanae. 

%  Thia  correclion  i>  found  in  pare  BS,  Japiier*!  parallax  being  only  !".£.  The  tabular  coireclioa 
nrreiponding  to  the  npparenl  altitude  V  bV'nSi'  96" :  snbtraciiag  ihii  from  tK,  we  get  ti'  M:  01 
1..  ^,  I— .1 »  araing  frmn  ibo  reftaciioo  aoa  parallax 
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7^  o^i^aA  time,  the  laiiiude  axd  bngitttde,  given,  to  find  the  appareU 
altitude  of  a  fixed  star, 

RULE. 

Turn  the  l(»igitude  into  time,  and  a^  it  to,  or Bubtract  it  from,  the  apparent  time* 
■t  the  ship,  according  aa  tlie  loogitude  is  west  or  east ;  the  Bum  or  difiereoce  will  be 
the  tinie  at  Greenwich.  The  apparent  time  at  Greenwich  may  also  be  found  bj 
means  of  a  chroDometer,  as  in  the  preceding  example,  page  348. 

Find,  in  the  Nautical  Almanac,  tfie  sun's  right  Bsceneion  for  the  noon  preceding 
the  time  at  Greenwich,  and  add  thereto  the  correction  rorreeponding  to  the  lioura 
and  tninutea  of  the  time  at  Greenwich,  (using  Tables  XXX.  XXXI.  if  necessary ;) 
the  sum  will  be  the  Bun's  right  ascension,  which  being  added  to  the  appartnt  time  at 
the  Ehip,  will  give  the  right  OKention  o/ihe  mtritHan,  rejecting  24  hours  when  the  sum 
exceeds  24  hours. 

Fiud  the  Btar's  right  ascennon  and  declinadon  in  the  Nautical  Almanac,  or  by 
means  of  Table  VIII.,  aa  taught  in  page  S17. 

The  difference  between  the  stains  right  ascension  and  the  right  ascension  of  tbe 
meridian,  will  be  the  dvAanaofihe  star/mm  the  merv^an. 

Find  in  the  column  of  rising  of  Table  XXIll.  the  logarithm  corresponding  to  the 
Btar*!!  distance  from  the  meridian,!  Bnd  add  thereto  the  log.  cosine  of  the  latitude  of 

■;  the  81      ■■■"'"■     ' 

.  (Table  XXVI.J  which  being 
■ubtracted  from  the  natural  cosine  (Talile  XXTV.)  of  the  rum  of  the  declination  and 
latitude  wlien  of  difierent  names,  or  the  natural  cosine  of  their  difference  when  of  the 
same  name,  will  leave  the  natural  sine  of  the  star's  trvt  altitude. 

The  refraction  being  added  to  the  true  altitude,  will  give  the  apparent  altitude. 

J  EXAMPLE. 

What  was  the  apparent  ahitude  of  Aldebantn,  at  Philadelphia,  April  12;  1836;  aea 
account,  at  5'  57™  18'  in  the  afternoon,  t^iparent  time  7 

The  star's  right  ascension  snd  declination 
Almanac,  as  below ;  thia  being  tbe  sbortee 


the  ship,  and  the  log.  coeine  of  the  declination  of  the  star;  the  sum  (rejecting  90  ir 
index)   will   be   the   logarithm  of  a  natural    numlwr,  (Table  XXVI.J  which  being 


Time  at  Greenwidi April  11  10  57  54 

19  54 
1  41 


^srightascenaiouatthetimeofobservBtion    1  31   35 
^iporeTU  time  of  observation 5  57  18 

Right  ascension  of  the  meridian 7    18  53 

;f:'s  rightaBCension  by  Nautical  Almanae..    4  36  30    - 

#^s  distance  from  the  meiittian  f 2  S2  33    Its  log.  in  coL  rising  443103 

Liitiiude  of  Philadelphia. .  39°  ST  N. 77 Coeine  9£8457 

*'Bdechnation 16  10  N CoBme9S8348 

Difference 33  47 


Apparuit  altitude.  • 


*  The  afniBKnt  time  miut  be  taken  (ai  usual)  one  day  !«■  ibao  tbe  w*  aceauiii,  ud  tbe  boor  nuut 
bereckoDedfromnocinlOBooaiuinuiMricalnieeeHiotilkiDi  1  lo  14.  It  aay  alw  be  obKrved  that,  il 
tbe  obierver  be  fimushed  wilb  a  ebmiioateier,  reguisied  lo  mniii  Greenwich  time,  this  pan  or  tht 
openiion  may  be  Baved,  reducii^  tbe  mtan  time  to  apparttU,  by  applyuig  the  equsiioa  Table  IV.  A., 
m  thai  TouDd  m  the  MwiiJul  AlniiuiM,  as  in  the  preceding  ruiea. 

i  If  the  (iiiinnre  from  Ibe  meridiui  eiceed  IS  hours,  you  mu«  lubUict  it  from  14  boon,  baton 
uleiins  Table  XXllL 


LOHAR  OBSEEVATIOMB. 


Method  of  amAining  several  hmar  obiervatumi  t^ctker. 

Ae  a  lunar  oboervBdoD  is  liable  to  Home  degree  of  nncertainty,  on  account  of  th« 
imperfuctioni  of  the  instruments,  the  utiQToidable  errors  of  tbe  obaervstioas,  and  tha 
imperfections  in  tbe  reductions,  it  will  geQerally  be  conduci?e  to  accuracflo  oombine 
together  Beveral  observalions,  taken  on  the  same  day,  or  on  two  or  three  euccoBsive 
days;  end  this  may  be  done  in  the  following'  manner; — 

After  working  tne  lunar  observution,  and  finding  the  mean  time  of  the  olMervalion 
on  the  meridiiin  of  Greenwich,  by  either  of  the  preceding  methods,  we  must  compare 
this  time  with  the  correspondiiig  time  of  ofaeervation,  as  ahown  by  the  chronometer, 
sod  tbe  dj%renc«  will  be  the  error  of  the  chronometer  for  mean  time  at  Greenwich, 
ea  shown  by  tbot  lunar  ofaaervalion.  Other  observations,  bbiag  taken  on  tbe  same,  or 
on  HuccesBive  days,  and  computed  in  the  game  manner,  will  also  give  the  errors  of 
the  chronometer,  corresponding  to  these  obaervationa  respectively.  The  mean  of  all 
these  errors,  being  found,  will  repretpent  very  nearly  the  error  of  the  chronometer, 
relative  to  tha  mean  time  at  Greenwich,  and  corroapoDding-  to  tliat  moment  of  litue 
which  results  from  taking  the  mean  of  all  the  tintes  of  observalioa  at  Greenwich,  for 
all  the  lunar  obserratioas. 

Having  obtained  in  this  way  the  error  of  the  chronometer  relative  to  Greenwich 
time,  and  know^g  its  daily  rate  of  losa  or  gain,  we  can  determine  at  any  mometit 
the  mean  time  at  Greenwich,  by  the  chronometer,  as  it  is  given  by  the  menn  of  all 
these  observalions.  Comparing  this  mean  time  with  the  corr«aponding  mean  time  al 
the  same  moment  at  the  sliip,  as  found  by  taking  the  sun's  altiludi:,  or  by  any  othei 
of  the  methods  explained  in  pages  208 — 318,  the  difierenco  will  be  the  longitude  of 
the  slup,  resulting  Irom  tlie  mean  of  all  these  observations. 


EXAMPLE  I. 

April  6*    2"  10- 80- 

April 

©i    a»  13-30' 

a-oo- 

3  40  25 

3  42  05 

1    40 

4  20   15 

4  23  35    - 

3    10 

S  16    16 

2   18 

6  01   30 

6  03  16 

1   56 

.       .  6)23  58    54 

6)34  11   18 

6)12   24 

,  April  6"    3»59-4U* 

April 

6-    4-01-53' 

3"  04- 

Henc«  it  appears,  that,  by  the  mean  of  tbeisix  ltu>ar  observatimis,  when  the  time  of 
the  chronometer  was,  April  6',^  SO^  iS^,  it  was  2-  04*  too  slow  for  mean  time  al 
Greenwich. 

We  shall  now  suppose,  that,  on  April  6*  4*  30"  00",  by  the  chronometer,  an 
altitude  of  the  sun  wns  taken,  and  lbs  mean  time  at  tiie  ship  deduced  therefrom, 
April  G'  6'  24-  56',  and  that  it  was  r«quired  to  find  tbs  longitude  of  the  ship ;  the 
tkronometer  moving  uniformly  without  gain  or  loas ;  we  shail  have 

Time  by  the  chronometer April  6*  4"  30-  00- 

Error  of  the  chronoueter  by  the  lanar  obaervadona add  2    04 

Mean  time  at  Greenwich .....AprilQ    4  33   04 

Mean  time  at  the  ship April  6    €  24    56 

Longitude  east  of  Greenwich 1  53   52=28*W 


EXAMPLE  II. 


Thna  hy  the  ChrtmomttUr. 

July  ff"   3M5-06' 

7  4   16    15 

8  5   17    12 

3)21  la  48   33 
Mean,  July  ?■■  4*  16°  11' 


July  6*  3»  17- 16' 

7  4  IB   33 

8  5  19   34 
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The  mean  of  these  three  obftervBtiona  inakeB  the  chrouomeier  loo  alow  fur  Green 
wich  time  S""  10* ;  and  if  we  suppose  the  inHtrumeiu  to  be  well  rcffultued  Tor  meai 
time,  and  on  July  6''  4"  10"  15*  by  the  chronotnnter,  (he  meau  Utne  al  the  ^ip 
deduced  from  the  bub's  altitude,  was  July  8'  2"  IS"  25%  we  shall  have, 

Time  by  chronometer July  8"  4"  10"  15" 

Error  hy  the  lunar  observatioDe add  '2    10 

Mean  lime  at  Greenwich July  8   4  12   25 

Mean  time  at  the  ship July  8  2  15'  25 

Longitude  west  of  Greenwich 1  57    00=29°15 

This  process  may  be  used  for  regidoting  s  chronometer  when  it  has  accidentally 
■topped,  or  hsB  been  allowed  to  ron  down.  For,  by  comparing  the  two  abova 
exampleB,  supposing  them  to  hove  been  taken  by  the  same  chronometer, 

The  firm  set  gives  the  error  April  6"  3"  59"  49*  equal  to  -I-  2"  04" 
The  second  set  ^ves  the  error  July  7  4  16  11  equal  to -|-^  10 
Gain  in  92  days + 6- 

This  is,  however,  an  imperfect  method  of  determining  the  daily  gain  or  loss  of  thj 
chronometer,  on  account  of  the  imperfection  of  the  ob'servations;  and  is  only  to  ha 
oaad  in  caeca  of  absolute  need. 


-  To  find  Ike  lojigittuU  by  the  eclipses  of  Jupiter's  satellites. 

The  eclipses  of  the  satellites  are  given  in  the  Nautical  Almanac  for  mean  time  al 
Greenwich,  and  also  for  sideral  time.  Thero  ore  two  kinds  of  these  eclipaea — an 
imnurfUH^  deiiotin)^  the  inatant  of  the  disappearance  of  the  satellite  by  entering  into 
the  shadow  of  Jupiter,  and  an  trntrtion,  or  the  instant  of  the  appearance  oftlie  satellite 
in  coiiiiiiff  from  the  shadow.  The  Immersions  and  emeisions  generally  happen  when 
the  satellite  is  nt  some  distance  from  the  body  of  Jupiter,  except  near  the  opposition 
of  Jupiter  to  the  sim,  when  the  satellite  approaches  lo  his  body.  Before  tlie  opposi- 
tion, tliey  hapijen  on  the  west  side  of  Jupiter,  ahd  after  the  apposition,  on  tlie  east 
aide.  But  if  an  astronomical  telescope  is  used,  which  roverses  the  objects,  the  appear- 
ance will  t>e  directly  the  contrary.  The  configurations,  or  the  positions  in  which 
JuplleHs  BBtellitFB  appear  at  Greenwich,  are  given,  in  the  Nautical  Almanac,  every 
night,  when  visible. 

As  these  eclipses  happen  almost  daily,  tbey  alTbrd  the  must  ready  means  of  deter- 
mining the  lonfptude  of  places  on  land,  and  might  also  be  aptilied  at  sea,  if  the  obser- 
vations could  lie  taken  with  sufficient  accuracy  in  a  ship  under  sail,  which  can  banlly 
be  done,  since  the  least  motion  of  a  telescope  which  magnifies  sufficiently  to  makn 
these  olet;rvationa,  would  throw  the  object  out  of  the  field  of  view. 

Having  regulated  your  chronometer  for  nuon  time  at  the  place  of  observation,  you 
must  then  find  nearly  the  mean  time  at  which  the  eclipse  will  begin  at  that  plare: 
this  may  be  done  as  follows : — Find  from  the  Nautical  Almanac  the  mean  time  of  an 
immersion,  or  emersion,  and  apply  thereto  tlia  loiigitude  turned  into  lime,  by  adding 
when  in  east,  but  subtracting  when  in  west  longitude;  the  sum  or  difference  will  be 
nearly  the  mean  time  when  the  ecliuee  is  to  be  observed  at  the  given  place.  If  there 
he  any  uncertainty  in  the  longitude  of  the  place  of  obeerration,  you  must  begin  to 
look  out  for  the  eclipse  at  an  earlier  period  ;  and  when  the  eclipse  beeine,  you  iniua 
note  the  lime  by  the  chronometer,  and  after  applying  the  correction  for  the  error  of 
Ine  chronometer,  if  thero  be  any,  you  will  have  the  mean  time  of  the  eclipse  ai  the 
place  of  observation  ;  the  dttl'erence  between  this  and  the  mean  time  in  the  Nautical 
Almanac,  being  turned  into  degrees,  will  be  the  longitude  fhtm  Greenwich. 

EXAMPLE. 
Suppose  that,  on  the  3lBt  of  August,  1B3&  sea  account,  in  the  longitude  of 

l!t7°  5^  W.,  by  account,  an  immersion  of  the  nrst  sntellile  of  Jupiter  was  observed, 

at  10>  24"  47'  P.  M.  mean  time.    Required  the  longitude. 

By  Nautical  Almanac,  the  time  of  immersion  is, Auguat20th  IQ*"    0'   7' 

By  observation,  August  21,  sea  account,  or  by  N  A. August  SOth  10  24  47 

Ijongitude  in  time 8  35  80 

which,  being  turoed  into  degrees,  gives  13^  SO*  W.  for  the  longitude  of  the  place  of 

ObMTVBtiOl). 
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Tojind  the  longitude  hy  an  tcUpae  of  the  moon. 

The  doterminatiou  of  ihe  longiiude  by  an  eclipse  of  the  moon,  b  perrormed  by 
comparing  the  limeB  of  the  beginniDc  or  ending  of  the  eclipse,  as  also  the  times 
wheD  an;  number  of  dighs  are  eclip»e<^  or  when  the  earth's  shadow  begins  to  touch 
or  leave  any  remarkahle  spot  in  the  moon'a  tiice;  the  diSerence  of  these  unies 
between  the  like  obeervations  made  at  difibrent  places,  turned  into  degrees,  will  be 
the  difference  of  longitude  of  those  places. 

When  the  ^ginning  or  end  of  an  eclipse  of  the  moon  is  observed  at  any  place,  the 
longitude  of  that  place  may  be  eamly  found  by  comparing  the  time  of  observation 
with  the  time  given  in  the  Nautical  Almanac ;  for  ihe  difTerence  between  the  olieerved 
mean  lime  of  beginning  or  ending,  and  the  mean  lime  given  in  the  Nautical  iV I manac, 
will  be  the  ahip'a  longitude  in  lime,  which  may  be  turned  into  degrets  by  Table  XXI. 
Thus,  if  the  beginning  of  an  eclipse  of  the  moon  was  observed  October  S5,  l6!il!,  sea 
account,  at  5'  SI",  meantime;  tliemean  time  at  Greenwich  by  ihe  Nautical  Almanac 
being  October  S4,  or  October  25,  aea account,  at  0'  SS'",  Iheir  difference,  4''  4:3'",i8  the 
longitude  of  the  place  of  observation  ^  TCP  45',  which  is  east  from  Greeuwiisl^ 
because  /he  time  at  the  place  of  observation  is  greatesL 

Tojind  the  longitutk  by  a  perfect  time-ketper  or  chronometer. 

It  was  before  observed,  that  if  a  clironomeler  could  be  made  in  so  perfect  a  man- 
ner as  to  move  uniformly  in  ail  places,  and  at  all  seasons,  the  longitude  might  easily 
be  deduced  therefrom,  by  com[)arin^  the  mean  time  shown  by  the  chronometer, 
regulated  to  the  meridian  of  Greenwich,  (or  some  other  known  meriiliun,)  with  tha 
mom  time  at  the  place  of  observation;  for  the  difference  of  these  limes  would  bs 
the  difference  of  longitude  between  that  meridian  and  the  place  of  observation.  The 
moderate  prices  of  good  clironomeien  now,  in  compariaon  with  their  values  many 
years  since,  together  with  the  varioua  improveroenU  in  their  construction,  have 
caused  this  method  of  determining  the  longitude  to  be  verj  much  used  within  a  few 
yean;  we  ahail  therefore  explain  fully  the  use  of  this  instrument,  ihe  methods  of 
regulating  and  ascertaining  its  rate  of  going,  and  give  examples  of  the  caiculaliona 
for  finding  the  longitude. 

If  a  clirononjeter  is  to  be  used  on  a  voyage,  it  must  be  adjmdcd,  and  its  rate  of 
^Ing  ascertained,  before  sailing.  This  is  most  conveniently  done  on  shore  by  observ- 
ing, with  a  transit  instrument,  the  times  of  the  transits  of  the  sun,  or  some  flxcd  star, 
over  the  meridian,  as  is  taught  in  pages  221 — 224.  If  you  have  no  inslnimoni  of  this 
kind,  the  regulation  may  &  made  by  taking  altiludes*of  the  sun  or  some  other 
heavenly  body,  and  finding  therefrom  the  mean  time  of  observation,  hy  any  of  the 
methods  before  ^ven  in  pages  208 — 21S.  The  best  way  of  making  these  last  ohser- 
TBtions  on  land,  is  by  an  artificial  horizon  of  quicksilver ;  finding  and  correcting  the 
altitudes  in  exactly  the  same  way  as  in  computing  tlie  latitude  in  page  204.  Comparing 
the  main  time  of  observation,  obtained  in  this  way,  with  the  time  by  the  chronometer, 
■hows  how  much  ills  then  too/ast  or  too  tlovi  for  the  meridian  of  the  place  of  obser- 
vation ;  and  by  repeating  the  operation  on  a  future  day,  tbe  rate  ol^  going  may  be 
ascertained.  If  ii  is  found  togmnor  loaet.  few  seconds,  or  parts  of  a  second,  per  day, 
that  allowance  must  be  madeon  all  future  obeervatious  at  sea.  Thus  if,  on  the  Isl  of 
June,  1836,  at  5''  10"  20',  by  the  chronometer,  the  iMon  time,  deduced  from  an 
obeervBliun  of  the  sun'a  altitude,  was  5''  12"  40",  the  chronometer  would  then  be  too 
slow  by  the  difference  of  those  limes,  2"  20';  and  it,  <m  theSIat  of  June  following 
the  time  by  the  chronometer  was  4^  15"  35*,  when  tbe  mean  time  was  4''  IS*"  I7>,  ibe 
chronometer  would  then  be  too  slow  by  the  difference  of  those  times,  or  2"  42* ;  and 
the  rate  would  have  varied,  in  20  days,  from  3"  20*,  to  3"  42",  which  is  a  differenca 
of  22'  in  20  days,  being  I'.l  per  day ;  and  this  rate  must  be  allowed  on  all  futurs 
observations  at  sea,  until  a  new  regulation  can  be  obtained,  at  some  place  whose 
longitude  is  known.  It  is  best  to  have  a  considerable  number  of  days'  interval  between 
■he  two  observations  for  fixing  the  rate,  since  bv  this  means  it  may  be  determined  to 
tenths  of  a  second  ;  the  sbeolute  error  of  the  observations  being  reduced,  in  finding 
the  daily  rete,  by  dividing  by  the  number  of  days.  Thus,  if  the  above  difference  of 
22'  had  been  erroneous  2',  and  the  true  value  30",  the  daily  rate  would  be  on* 
second,  instead  of  ]'.I,  varying  only  one  tenth  of  a  second,  notwithstanding  tha 
sbservMiione  on  which  the  rate  was  established  contained  an  error  of  two  seconds. 

Having  regulated  a  chronometer,  in  ihe  manner  first  mentioned,  at  a  place  wnose 

!otisiliide  from  Greenwich  is  known,  it  is  ea^  to  find  how  much  it  is  loo  fest  or  too 

■  See  Tab.  LVII. 
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■low  for  the  meridiaD  of  Greenwich,  by  reducing  die  mmh  tin-^  st  the  placp  of 
tbe  obnerver,  ns  found  by  obaervaiions,  to  the  meridian  of  Greenwich,  b;  adding  the 
longitude  if  weat,  tuhtranH'ng  if  eoet ;  the  sum  or  diflereDce  will  be  the  mean  lijiip  of 
observation  in  Ilie  meridian  of  Greenwich ;  the  difierence  betweei^  this  and  the  time 
given  by  the  chronometer,  sbowa  how  much  it  is  too  fast  or  loo  elow  for  Gr(*nwich 
mtan  time.  Thus,  by  adding  the  longitude,  which  we  shall  suppose  to  be  4'  5&";  ic 
the  mean  time  of  the  above  obserratioD,  S>  13'  40*,  we  nit  10°  6'*  40*  for  the  mean 
time  at  Greenwich ;  fVom  which  subtracting  the  lime  by  die  chranomoter,  H''  Vi"  20', 
we  obtain  4' 56'°  30'  for  ihe  error  of  the  chronometer  relative  to  mean  time  at  Green- 
wich ;  being  too  «Idio  for  that  time. 

The  chronometer  havinc  been  thus  regulated  lo  Greenwich  time,  and  the  daily  rata 
of  ilB  going  ascertained,  if  this  rate  should  remain  unaltered,  the  time  at  Greenwich 
will  be  known  by  JLat  any  moment  at  sea;  and  if  at  that  moment,  by  any  obeervnlion 
of  the  Bun,  moon,  planet,  or  a  fixed  alar,  the  mam  time  at  the  ship  be  found  by  any  of 
the  methods  explained  in  pages  206,  &Oq  the  difference  between  this  meart  lime  at 
the  ship,  and  the  DKon  time  at  Greeiiwich,  shown  by  the  chronometer,  will  be  tlia 
longitude,  which  may  be  turned  into  degrees  and  miniit»>M  by  Table  XXL 

EXAMPLE  L 

Wishing  to  regulate  a  chronometer,  in  a  place  whose  latitude  is  51°  30'  N.,  and 
longitude  130°  E.  from  Gteenwich,  I  observed,  October  ID,  1864  at  8>  SI-  A.  M.,  sea 
account,  by  a  chronometer,  the  altitude  of  the  sun's  lower  limb,  by  a  fore  observation. 
139  St,  the  correction  for  semidiameter,  parallax,  and  dip,  being  IS'.  It  is  requiiea 
to  find  tbe  error  of  the  chronometer  for  swan  time  at  Greenwich. 

The  mean  time  of  this  observation,  at  the  meridian  of  tbe  ship,  computed  as  in 
Example  I.,  page  S09,  ia  7°  54'°  50*  A.  M.,  or  October  9^  W  54-  60*,  astronomical 
■ccounL  From  this  subtrecl  *  the  longitude  130°,  turned  into  titiie  6'  40'",  (by 
TU))e  XXL)  we  get  the  correeponding  iMon  time  at  Greenwich,  Oct.  9^,  11*  14'  50"; 
and  OS  the  time  bv  the  chronometer  ts,  October  9',  30^  SI*  00*,  it  is  too  fost  for  mean 
time  at  Greenwich  by  the  difference  of  those  two  quantides,  or  9^  6-  10*. 

EXAMPLE   11. 

May  10, 1836,  at  5"  SO-  P.  M.,  sea  account,  by  a  chronometer,  in  latitude  39°  54'  N., 
n  a  place  whose  longitude  was  known  to  be  3^  45'  E.  fl«n)  Greenwich,  the  altitude 
of  the  sun's  lower  hmb  by  a  fore  observation  was  15°  45',  the  correction  for  dip, 
pamllHx,  and  Bemidiaraeter,  being  12'.  It  is  required  to  find  the  error  of  the  chro- 
nometer for  mtan  time  at  Greenwich. 

The  mean  time  of  this  observation,  computed  as  in  Example  IL,  page  210,  is 
Hay  9^  S**  30"  39*,  astronomical  commjlation.  From  this  subtract  *  the  longitude, 
35°  45',  turned  into  time,  S>  33-,  bv  Table  XXI. ;  the  remainder,  May  9^  3"  7"  39", 
is  the  mean  time  at  Greenwich.  Tne  difference  between  thk  aiid  the  time  by  the 
chronometer,  5'  SO",  is  S^  3S-  itl*,  which  expresses  how  much  the  cbrononMler  ia 
loo  ftst  for  Greenwich  mean  time. 

EXAMPLE   m. 

Suppose  diat,  on  July  37,  1836,  sea  account,  the  mean  time  was  found,  by  an 
altitude  of  the  sun,  to  be  1'  11-  IS*  P.  M.,  when,  by  a  chronometer  well  regtilaied  to 
mtan  time  at  Greenwich,  it  was  4'  3°  6'  P.  M.    Required  the  longitude. 

Mean  time  at  the  placs  of  observation  1"  11- 16* 

Time  at  Greenwich  by  ehranometer..  4     3      8 

Difference  in  the  longitude 3  51    83=43*  98'  W.,the  longitude  being 

west,  because  the  time  at  Oreenwid  is  the  graaUiL 

EXAMPLE  IV. 

sea  acoonni,  tL 

*  P.  M.,  when  dte  li 

•  "nil  k  to  be  tddt^  ifUw  lUp*!  ki^tnde  u  ««( 


...Coo^^lc 
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3^  P.  Vt^  the  chnmometer  being  too  alow  for  meao  Greenwicb  time  ll"  9*.   Roquind 

the  longitude. 

Time  by  chronometer 8*    0"00* 

Chronometer  too  Bbw  for  Mean  time  U  Greenwich 11     9 

Mem  time  Bt  Greenwich 3  11  09P.H. 

Heu)  time  at  the  ship 3  58  09 

Difference  i«  the  longjnida y,..  1  48  00=37°  00"  E. 


T' 


EXAMPLE  V. 


Suppose  that,  on  June  14,  1836,  sea  account,  in  a  place  whose  lon^tude  from 
Greenwich  was  known,  a  number  of  obHsrruions  were  taken  to  Bscertam  the  going 
of  the  chronometer ;  and  it  waa  frund,  that,  on  that  dny,  il  was  10*  too  slow  for  mean 
Greenwich  time,  and  ion  time  3*  per  day ;  and  that,  on  July  14, 1836^  sea  account,  the 
time  per  chronometer  was  6'  0~  6*  P.  M^  when,  bv  an  obeerred  altitude  of  the  sun, 
the  mean  lime  was  1  ■■  31°  33*  P.  9L     Required  the  longitude. 

Error  of  chronometer,  June  14 0*  00"  10*  slow. 

30  days,  at  a* 1     0  slow. 

EiTorJulyM 1    10  slow. 

Time  per  chronometer 6    0     6 

Time  at  Greenwich 6     1    16 

Mean  time  at  place  of  obeervation ■  I  21   32 

Longitude 4  39   44=  69°  Sff  W. 


EXAMPLE  VI. 

Suppose  that,  on  June  IS,  1836,  in  the  afternoon,  astronomical  account,  at  Boston, 
it]  the  latitude  of  43°  31'  IS"  N.,  and  longitude  71°  04'  09"  W^  seTeml  ancular  dis- 
tances of  the  bud's  lower  limb,  from  its  renected  image  in  a  baain  of  quicbailver,  were 
observed,  and  the  times  noted  by  a  cbronomeler,  which  was  supposed  to  be  very 
nearly  regulated  for  mean  time  at  Greenwich  ;  the  tim^and  altitudes  beiuK  as  1>elow; 
the  thermometer  standing  at  76°,  and  the  barometer  &  30°.05.  Required  the  error 
of  the  chronometer  relative  to  mean  time  at  Greenwich. 


57  46 90  aa  S4 

58  36 90  04  36 

59  ii 89  46  43 


Sum 44    19  Sum 6)543  06  00 


Mean  of  the  times June  15"  7'  57-  23*Ji Mean  angle  90  31  30 

Half  the  mean  angle  is  equal  to  ahhude  ©'s  lower  limb 45  15  40 

Refraction,  Table  Xll.— 57"— Parallax,  Table  XrV.+  6"=— 51" 
TaNe  XXXVI^  Thennometer  7*?,  con«clion  —3"  (      __2 

Baromeler  30^.05^  correction  -|- 1"  J      — 
CorrectioD  for  rufiactian  and  parallax 63 nib.  53 

45  14  47 
g^  semitiiameter  •  by  Nantieal  AhnaiMtc        IS  46 

©■strue  altitude 45  30  3S 


Oreenvicfa  ii  (upDoaed  is  ba  th 
7*  ST*  jyjt,  •Kinri  is  nippoxd  to  be  virr  nc 
T  regulnlod  lor  tbal  DiaiidiBr 


■(  the  ibip  the  long iiiKJa  iTwral,  or  nibmeliiicit 


TO  FIND  THE  LONGITUDE  BY  A  CHRONOMETER. 

leoliitude  4S°30'33* 

L^iiiude 43  21  15    S«cai)t..  0.13136 

PolardisuncQ..  66  38  49    Coucant  0.03713 


I^iiiu 


Sum  a)19Ji3331 
Sim  of  hnlf-Mtn  9^1660  comopondB  to  S"  15'  87' JS  app.  tiuA 

Equation  of  time  by  the  Nautical  Almanac +9'.4 

Mean  time  at  the  place  of  obMrvation 3  15   36'.9 

Add  the  loogiiude  of  Boaton,  in  time 4  44    16'.6 

Mean  timo  at  Greenwich 7  59   53'.5 

Time  by  the  chronometer,  as  above 7  57   33*J3 

Chronometer,  error alow        9"30'.3 

Hence  it  appeon  that,  on  the  ISth  of  June,  1836,  astronomicaj  time,  at  7'  57*  ttS'Ji, 
by  the  chronometer,  it  waa  too  alow  for  Greenwich  time  3°*  30>.3>  Suppose,  now, 
thnt,  a  few  da^B  aflerwards,  an  an  example,  on  June  35,  at  about  the  same  hour  in  ihs 
afternoon,  a  iimilar  set  of  altitudea  were  observed,  and  the  times  noted  by  the  some 
chronometer,  the  result  of  the  calcuiation  making  the  chronometer  too  Blow  by 
3'"  45'.6 ;  then  we  shall  find  that,  in  the  interval  of  10  daya,  from  June  15  to  June  25, 
it  has  varied  by  the  quantity  3"  45'.6— 2"  30*.3  =  I5'.a  Dividing  this  variation  hy 
10,  (the  number  of  days  in  the  interval,)  we  get  I'.SS  fbr  the  daily  rate  of  loss  in 
the  chronometer.  If  other  aets  of  observaiiona  are  made,  which  give  results  differing 
«  little  from  r.53,  we  can  nee  the  mean  of  the  different  tela,  aa  the  moat  probable 
value  of  the  laie  of  the  chronometer. 

EXAMPLE  VII. 

On  the  ISth  of  June,  ]63C^  astronomical  account,  at  about  3"  45'°  P.  M.,  in  the 
meridian  of  Cape  Cod,  which  bore  south,  distant  about  9  miles,  took  four  altitudes  ot 
the  sun,  and  noted  the  times  by  the  chronometer,  as  in  the  table  below ;  the  eye  being 
19  feet  above  the  level  of  the  sea,  the  thermometer  at  65°,  and  the  barometer  at  39 
inches.  It  is  required  to  determine  the  error  of  the  chronometer  fbr  mean  time  at 
Greenwich. 
TiiDM by  the  chronometsr 9*35'>36' ...Observed  angle  40°00'07' 

26  32 39  50  18 

27  33 39  40  14 


Sum  3)     79  30  Sum  3)119  30  3 


Heanof  thethreeobMrvatione...  8  26   30     ©'aaltitude 39  50  13 

"rr,'!.'™,£«ssS+'«i  Dip,T.bi,xia »b.   4  17 


Estimated  mean  time  at  Greeowicb  8  28   00         ,  39  45  56 

Befiraction,  Table  XIL 

Piratlax,  Table  XIV 

TaUe  XXXVL  ThermometM.. . 


Befiraction,  Table  XIL — 1'8" 

Piratlax,  Table  XIV +7" 


— 1" Rlk  IM 


gfta  aemldiametar 15  46 

©^  true  aldtude 40  00  88 

With  the  above  estimated  thne  at  Greenwich,  we  find,  from  the  Nautical  Almanac, 
the  Bun'a  declination  33°  21'  14"  N.,  the  sun's  semiiliBmeter  15*  46",  and  the  equattoo 
of  time  -(-  9>.7.  The  ladtude  of  Cbpe  Cod  being43°  3'  N.,  and  aa  it  u  distant  9',  in  « 
•outh  direction,  the  latitude  of  the  anip  is  *  43°  &  N. 


TO  FIND  THE  LONGITUDE  BT  A  CHRONUHETER. 


©'b  true  altitude  40°0D'38" 

Laiiaide 42  12  DO 

Polar dieHuHM..  €6  38  46 


Sum 8 )  148  51  84 


Caeine..  9.42885 


Sum   2]1!>.34849 
Sine  of  bBlf-wim  9.67424  corre^KMida  to  3"  45-39'.  apii.  dir;« 

Equation  oTtime  by  the  Nautical  AfanaiHic -|-9'.7 

Hean  time  at  the  place  of  otwervatioD 3  45   38'.7 

Add  the  longitude  of  Cape  Cod,  70°  4' =  4  40    Itf'.O 

Mean  time  at  Greenwich 8  25  54'.7 

Time  by  the  clironomeler 8  26    30'.0 

Errorofthechronoroeter  lor  mean  time  at  Greenwich....  An  35'.3 


EXAMPLE  VIII. 

AtNew  York,  on  the  5th  of  June,  1836,  by  a  tranBitof  iheaun  over  the  meridiuT},  it 
wae  found  that  a  chronometer  was  too  fast  for  mean  time  at  Greenwich,  by  2'"  8'.5 ; 
and  by  another  transit,  on  the  next  day,  June  6th,  ii  was  loo  lost  2"  10' .0.  Frortj  these 
ob8er\'atioiiB  it  follows,  tliat  the  duily  gain  of  ilie  chronometer  at  tbut  time  was  i'.5. 
The  iuslrunjciil  was  then  taken  on  board  a  ship,  which  sailed  iiumediatuly  on  a 
voyaice  nioiig  the  seacoaxt,  and,  after  a  pasBage  of  ID  days,  arrived  at  a  place  whose 
longitude  from  Greenwich  bad  been  well  aBceitained.  There,  by  observation,  it  wae 
found,  that  at  noon,  June  16,  1836,  the  clironometer  waa  2"  30".5  too  fast  for  mean 
time  at  Greenwich  ;  huvingniined  32'.U  in  11  days;  oral  the  mean  daily  rate  or2*.D, 
instead  of  1*.5,  which  wus  the  rate  at  the  conjiiicnceitient  of  the  voyngc.  Now,  the 
chronometer  being  a  new  one,  and  it  being  grnemlly  found  that  the  duily  rate  of  such 

—  i„™ .  :„  tonslantly  increasing,  it  ts  rei|uired  to  find  the  error  of  (he  chro- 

t  noon  on  every  day  of  the  voyugi.-,  supposing  the  daily  rate  of  guiu  to 

....  inifbnnly;  the  object  in  thus  finding  the  actual  error  on  each  day,  being 
for  the  purpose  of  ascertaining  the  longitudes  ot  several  capes  and  places  which  were 
observed  during  the  voyage. 

The  calculaljon  of  ttiia  exiunple  is  made  as  in  the  annexed  table.  Its  first  column 
contains  the  iIoyB  of  the  month.  The  second  I'olumn  coucains  the  eatiinatcd  error  of 
the  chruDonieter,  Biip|iosing  its  daily  guin  tu  tie  1-.5,  as  at  the  commencement  of  thp 
voyage.  The  third  column  contains  ihe  gain  of  the  chronometer  on  every  eucccniive 
day,  supposing  this  uuiform  daily  incremctu  of  the  rate  to  be  a  fraction  of  a  siM^und, 
which  18  represented  by  L  Tlie  fourth  column  coutaina  the  error  of  the  chronoineter 
on  each  day,  expressed  in  terms  of  t;  the  niimbei's  in  this  column  are  found  by  adding 
succesr^ivolv  the  daily  csin  in  column  3,  to  the  error  of  the  chronometer  on  the  preceiH 
ingnoon.  'Thus,  on  June  13,  the  error  at  noon  n  3"  Q0'£ +  26  t,  and  the  daily  gam 
between  June  13ih  and  14th  is  1'.5  -|-  8  f ;  adding  together  these  two  quantities,  we 
obtain  2"  23'.0  -|-  36  t,  for  the  error  of  the  chronometer,  June  14,  at  noon ;  being  the 
same  as  in  column  4.  Proceeding  in  this  way,  by  successive  additions,  we  obtuin  the 
error  of  the  chronometer,  June  16,  at  noon,  equal  to  2™  25'.0  4- 55 1 ;  and  as  tills  was 
found  by  observation  to  be  2-"  3D' .5,  we  shall  hiive  2"  25'.0  +  551  =  8"30'.5;  whence 
we  get  55  (  =  2"  SC.S  — 2"  aS'.O^iS'.i  Dividing  thia  by  55,  the  coefficient  oft, 
weget  l:=(^.l.  Hence  the  daily  gain  in  the  acceleration  is  1=^(^.1;  and  by  substi- 
tuting this  value  of  1  in  the  errors  at  noon  on  tlie  different  days,  given  in  column  4, 
we  get  the  corresponding  numbers  In  column  5,  which  represent  bow  much  the 
cliroQomeier  is  too  fiist  for  mean  time  at  Greenwich  at  each  noon,  from  June  5  lo 
June  16;  supposing  the  doilv  acceleration  of  the  rate  to  be  O'.l,  or  I'd  of  a  second. 
Taking  the  successive  daily  difierencea  of  these  errors,  we  get,  as  in  column  6,  the 
daily  gun  of  the  chronometer,  which  increases  from  1*.5  to  ^.5  during  the  voyage. 

of  (be  table  of  diflismMe  of  1ali(ud*aDd  dejMnuie,  tho  iatilude  and  longiiade  of  )ba  ihip,  al  ilie  Lima 
aTobierviillaD.  in  ihe  ■Bme  miuiner  ■■  win  taluiiE  ■  lieiuinurc  fmm  ihe  Innd.  Tliui.  irthi!  Irat  htar- 
W  of  the  rape,  ID  tlie  sboreeiBniple,  were  8.  S.  W.  3',  ihcilifferente  of  leiiiude  witl  be  B'J,  (Icparoa* 
3'.4,  dilTetence  d(  ionrituda  V.6;  Bratra  the  laiilude  of  Ihe  <ihip  will  be  42"  ^ +  S'S  =  WP  iv^^ 
tfo  1 1'  IS",  and  ilK  langiiuda  !&>  V  —  V£  =  6a^  iS  A  =  6^  SS- W  ;  wliicj  duiu,  a  Uu  tsar,  b* 
ned  uuleud  Dfllie  iibova  value*. 

3:t 


TO  FIND  THE  LONGITUDE  BT  A  CHRONOMETER 


Cot.  1. 

Col.  2. 

Cot.  3. 

Cot.  4. 

Col.  6. 

COL.0. 

Btrm-  rf    lU 

arii»jr«.,™,. 

Btot    tf    Ita 

^'"■ 

^t 

»m  «U<.f 

^<™ 

Juoe   5. 

3<°0».& 

1".5 

»-0»£ 

i^oa-5 

1'.5 

"     6. 

3    10.0 

2    10.0    ■ 

1.6 

«      7. 

lJS+2t 

1  .7 

].5  +  3l 

1.8 

"      9. 

3    14  J 

8    14£  +  6( 

8    15.1 

1  .9 

"    10. 

2    16X1 

3    16JI  +  10t 

3.0 

"    11. 

1.5  +  61 

3    175  +  151 

2.1 

"     IS. 

1  .6  +  7* 

2    19 .0+31  ( 

2.2 

1. 5  +  81 

2.3 

"    14. 

3    23.0 

3   33 .0+36 1 

3    25.6 

24 

"    15 

2    23.& 

15  +  10/ 

3    23  5+451 

2    28.0 

S£ 

"     16, 

3    35.0 

3    S5.0  +  65( 

2    30.5 

EXAMPLE  IX. 

We  ehall  suppooe,  bb  in  the  i»«ce<]ing  example,  that  at  noon  June  5, 1636,  tha 
chronometer  waa  too  fast  S"  8'.5,  and  at  noon  June  6, 1836,  it  wsb  too  fiiBt  2"  10"  0 
indicating  a  daily  gain  of  I'.S.  In  proceeding  on  s  voyaee,  the  vesBel  stripped,  on 
the  lOih  of  June,  1836,  ot  a  port  whose  longitude  was  unknown;  and,  with  a  view 
to  determine  Ilija  iong'ltude  by  the  chronometer,  observntions  were  made,  by  which 
it  waa  found,  that  l)etween  the  siiccesBive  noons  of  June  10th  and  Jnno  lllh,  1836, 
the  daily  gnin  waa  3*.0.  It  is  reipiired  lo  determine  the  error  of  the  clironometer  on 
the  dilferent  days,  supposing  the  daily  gain  In  be  uniform.  The  actual  rate  of  the 
ehroDonieter .  is  particularly  required  on  the  10th  end  11th  of  June,  so  that  vie  may 
use  the  rate  of  the  chronometer  in  finding  the  longitude  of  the  place  arrived  aL 

In  the  intervals  of  the  two  days,  commencing  June  5  and  June  10,  the  dailv  gain* 
were  respectively  1*5  and  2'.0;  having  increased  C)".5,  in  the  daily  rate,  in  an  uitenul 
of  3  days;  being  at  the  rate  of  O-l  per  day.  With  this  dnily  increase,  we  can 
noinpute  the  dailT  gain,  as  in  colunm  JJ  of  the  following  table  ;  and  from  thesa 
numlHirs  we  can  deduce  siicceBHively  the  errors  of  the  chronometer,  as  in  column  3. 


Cot.  1. 

Cot.  3. 

Col.  3. 

Dmtm 

CI»»iHUrl» 

Jniie    S. 

»"0*.B 

"      6. 

3    10.0 

«      7. 

1  .7 

"    a 

1  J 

3    13.3 

«    ». 

1.9 

3    16.1 

«     10. 

2    17.0 

«  11. 

3    19.0 

Hence  it  appeai«,  that  on  June  10,  the  chronometer  was  S"  IV'.O  too  Gm  Ac 
Oremwich  mean  time;  and  on  June  11,  it  waa  2"  L9*J>{  which  can  be  used  ill 
determining  the  longitude. 


TO  FIND  THE  LOMGITUDE  AT  A  CHRONOMETEa. 

PrtcmUioni  m  itaing  a  chronometer. 

. .  i  ihall  close  thic 
tho  II 
byM 

tbe  gimbals  by  the  atay,  ii  _ 

meot  a  quick  circular  motion.  A  chronometer  should  be  placed  ho  as  to  expose  it 
little  as  possiblo  to  sudden  shocks,  tnia  the  sea  striking  the  ship,  or  from  the  shutting 
of  doors,  &c  It  oii^t  not  to  be  expoaed  to  a  current  of  air.  Nothing  iiiagntriic 
Btiiiuld  be  allowed  near  it.  When  the  chronometer  is  on  board  a  ship,  free  the  slay, 
let  the  instrument  swing  horizontally,  and  place  it  securely,  and  mo  tliat  it  may  be  dis- 
turbed Be  little  as  possible  duriug  the  voyttf,'ei  using  for  deck-obnervations  a    " 


watcii,  which  must  be  comiiared  with  the  chronometer  before  and  after  any  obser- 
valioii.  In  winding  up  a  chronometer,  turn  it  over  gently ;  put  the  valve  bock,  apply 
the  key,  turn  it  luoderately,  and  avoid  sudden  jerka.     A  pocket  chronometer  must  be 


Ijeld  immovable  in  the  one  hand,  whilst  winding  with  the  other.  In  order 
circular  motion,  which  may  not  only  niter  the  rate,  but  injure  the  iiislrur 
olironometer  should  happen  to  run  dowI^  or  stop,  it  must,  when  wound  up,  have  a 
quick  circular  motion  in  the  phine  of  tlie  dial  to  set  it  agoing.  Never  touch  the  hands 
to  set  the  chronometer,  but  wait  till  the  time  arrives  at  which  they  poinL  lie  regular 
in  winding.  Get  an  observation  as  soon  aa  you  leave  a  port,  to  ascertain  if  you  have 
the  correct  difference  from  Greenwich  time ;  and  in  case  it  should  happen  to  sto|i,  or 
to  run  down,  during  the  pasaa^,  it  may  be  corrected  by  lonar  observations,  by  the 
method  explained  in  pages  251,  25'i, 

It  has  been  found  thiu  cbronomeicrt  giun  by  an  increase  of  the  denriiy  of  the 
air,  and  lose  by  a  decrease  of  tlie  deiunty.  The  firing  of  ipiiia  on  board  a  vessel  will 
sometimes  alter  the  rale  of  going,  untess  the  instrument  be  well  suspended,  or  held 
in  the  hand  during  the  firing.  Any  sudden  jar  will  sometimes  alter  the  rale.  The 
imperfection  of  tlie  oil  used  will,  after  some  time,  impair  the  instrumeuL  The 
mechanism  fer  cutrecling  the  changes  in  the  temperature  may  not  do  it  com- 
pletely, anil  some  error  may  arise  from  lliis  source.  Notwithstanding  thexe  variuui 
causesof  error,  it  is  wonderful  to  observe  how  accurately  some  of  these  chrouonietera 
pertbnn  llieir  office. 

The  manner  of  using  a  chronometer  in  fimlin^  the  longitude  by  means  of  oteerva* 
tions  of  the  moon's  tniusits  over  tlie  meridian,  with  a  transit  instrument,  will  be  given 
in  the  Appendix  to  tliis  work. 

On  a  variation  dart. 

In  the  year  1700,  Dr.  Hatley  pubtished  a  chart,  m  which  the  lines  of  the  variation 
of  the  compass  went  drawn,  for  the  purpose  of  determining  the  longitude  by  uieiiiis 
of  the  observed  variation ;  and,  since  that  time,  several  charts  of  this  kind  have  liven 
published  for  the  same  purpose  j  but  the  method  is  not  sufficiently  accurate  to  he  of 
luiy  practical  use.  A  variation  chart  is,  tfbwever,  useful,  aa  a  subject  of  scientific 
Inquiry,  and  for  the  purpose  of  correcting  a  ship's  course.  The  latest  and  by  far 
the  best  work  of  this  kind,  is  that  of  the  Admiralty,  published  in  185'J,  and  repub- 
liafaedbfE.  ftO.  W.  Blunt,  in  IdtiO.    Every  uavif^r  should  have  it  for  daily  um. 


izedbyGoOgle 


METHOD  OF  KEEPING 

A    SHIPS    RECKONING    OR    JOURNAL 

AT  SEA. 


A  saip*!  Rjt«Konina  ia  that  Bccouiit,  b^  wbich  it  can  be  koown  at  soy  tuna  when 
the  abip  ia,  and  on  whM  courae  or  coucsea  ahe  murt  aieer  to  gain  her  port  Dka» 
KBC£Of  ina  a  that  aecount  deduced  from  the  ahip^  run  frain  the  last  obaervatioit. 


THE    LOG-BOABO. 


H. 

K. 

T. 

Omrw*. 

Wbidi. 

L»-' 

7V«uac(i«M. 

8.  W. 

N.  E. 

fi 

Modente    nlei 

10 

f> 

E.  S.  E. 

f> 

At8A.  M.,uir 

h 

f. 

northwud. 

h 

B.  W. 

W.  N.  W. 

No  obMrr&tion. 

lU 

The  daily  occurrencea  on  board  &  ship  are  marked  on  n  board  or  slate,  called  tbe 
log-lnard  or  log-ilale,  kept  in  the  steerage  for  that  purpose,  being  usually  divided  inU) 
«eveu  columns :  the  lirat  containa  the  hours  from  noon  to  noon,  being  marked  b; 
soiue  fbr  every  two  hours,  but  usually  fbr  every  sinsle  hour ;  in  the  second  and  third 
rotiimns  arc  the  knots  and  fathoms  the  ship  is  found  to  run  per  hour,  set  against  tbe 
hours  when  the  log  was  hove.  Some  navtzatora  do  not  divide  the  knot  into  ten 
lallioins,  but  into  haff-kDOta  only,  making  the  third  column  H.  K.  The  fourth  column 
PontainB  the  courses  steered  by  compass;  the  fifth.the  winds;  lhesixd),the  lee-wav^ 
a>u\  the  sevenih,  the  alteration  of  the  sails,  the  business  done  abonrd,  and  what  otner 
remarks  tbe  officer  of  the  watch  thinks  proper  to  insert.  For  it  should  be  observed. 
that  it  is  usual  to  divide  a  ship's  coniinny  into  two  parts,  called  the  starboard  and 
larboard  watches,  who  do  the  duty  of  the  ship  for  four  hours  and  four  hours,  alter- 
nately, except  from  4  to  6  P.  M.,  which  is  divided  into  two  wau^hea.  The  lemarka 
made  on  the  log-board  are  daily  copied  into  a  book,  called  the  Loq-Book,  which  ia 
rided  like  tbe  log-board.  This  oook  contnins  an  authentic  record  of  tbe  ship's  trans- 
actions; end  the  persons  who  keep  a  reckoning,  iratiscri be  them  into  their  t'ourruii,  and 
tlience  make  the  uecpssaiy  deductions  relative  lo  the  ship's  place,  every  day  at  noon ; 
this  operation  is  called  workinr  a  day^s  work.  While  a  ship  is  in  port,  the  remarks 
entered  in  the  Log- Book  are  cMed  harboT-viork,or  harhor-journal ;  and  the  day  is  then 
eisnmated  according  to  the  civil  compulation,  as  on  shore ;  that  is,  from  midnight  to 
midnight;  but  at  sea,  the  day's  worii  ending  at  noon  is  dated  the  same  as  the  civil 
day,  so  that  the  day's  work  marked  Monday  begins  on  Sunifay  noon,  and  ends  on 
Monday  at  noon ;  the  day  thus  marked  is  called  a  nmOkat  day ;  the  firat  13  houia 
ifeing  marknd  P.  M^  the  latter  A.  M.  There'are  various  wavs  of  keeping  journals  at 
sea,  according  to  the  different  tastes  of  navigators.  Some  keep  only  an  abstract  of 
each  day's  traneactlons,  specifying  the  weather,  what  ships   or   lands   were  seen, 
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Kcidents  on  board,  the  latitude,  longitude,  course,  aod  run ;  these  pardeulara  beiiigj 
drawn  kom  the  ship's  Log-Book.  Others  keep  a  full  copy  of  the  Log-Uook,  uud  the 
deductioDsdrewn  therefrom,  arranged  in  proper  coliinuis;  tills  it  the  most  nBliafiiciorv 
method  to  those  who  may  have  occauon  to  mapect  the  Journal ;  and  we  have  uilopted 
H  in  the  fbUowing,  but  diall  ^ve  an  abatract,  at  the  end,  conformable  to  the  otiier 
method 

When  a  abip  is  about  losing  aight  of  the  land,  the  bearing  of  aome  noted  place 
(whose  latitude  and  longitude  are  known]  must  b«  obeerved,  and  ita  dimaucc  esiiitia- 
tcd  and  marked  on  the  Log-Book  ;  thia  ia  called  laking  a  d^artvrt.  In  working  tliia 
first  day's  work,  the  calcidation  ia  to  be  mode  in  the  same  manner  ns  if  the  eliip  had 
■ailed  that  distance  from  that  place  upou  a  course  opposite  to  that  bearing,  and  ihal 
course  and  distance  are  to  be  entered  accordingly  into  tbe  traverse  table,  alter  allow- 
ing for  tbe  vwialion. 

To  aUoiefn-  the  variation. 

We  have  already  taught  the  methods  of  finding  the  variation,  which  niii?t  1>e 
allowed  on  all  courses  steered,  and  on  all  bearings  taken  with  the  compasti;  to  iht 
right  hand,  if  tite  variatian  be  eori,  but  to  At  10  hand,  \f  west ;  the  observer  being 
suf)poaed  to  be  placed  in  tbe  centre  of  the  compass,  looking  towards  the  poiut  from 
which  the  variation  is  to  be  allowed. 

EXAMPLES. 


VtmittbyamtpoMM. 

VarvaiM,iHpoaat. 

TnueovTta. 

N.  E.  by  E. 

8    W. 

N.  E.  by  N. 

N.E. 

HE. 

N.  £.  by  £.  1  E 
W.  by  k       . 

N.W. 

3    W. 

8.E. 

3    E. 

8.byE. 

S.S.W. 

1     W. 

S.1  W. 

K8.E. 

1     W. 

E.  IS. 

S.  W.  i  w. 

W. 

S.  W.  1  8. 

N.  N.  E.  1  E. 

\k  E. 

N.E.iE. 

To  find  fht  lee-miy,  and  aOowfor  it. 

_. ..  It  part  of  the  wind 

which  acts  upon  the  hull  and  rigging,  together  with  a  considerable  part  of  the  force 
exerted  on  the  sails,  tenda  to  drive  her  immediately  from  the  direction  of  tlie  wind, 
or,  as  it  is  termed,  to  leeward.  But  since  the  bow  of  a  ship  exposes  less  surface  to 
the  water  than  the  nde,  the  reristonce  will  be  less  in  the  first  case  than  in  the  sijcond ; 
the  velocity,  theiefore,  in  the  dn-ecdonof  her  bead,  will,  in  most  eases,  be  ^ireatiir  than 
the  velocity  in  the  direction  of  her  side,  and  tbe  ibip's  course  will  be  between  llie  twu 
directions ;  and  tbe  angle  contained  between  the  course  towards  which  the  ship's  bend 
is  directed,  and  tbe  courae  she  really  describes  through  the  water,  is  termed  her  let, 
uai/.  The  qtiantity  of  lee-waf  to  be  allowed  will  depend  upon  a  variety  of  cii-cuni- 
staiices;  as  the  mould  and  tnm  of  the  ahip;  the  quantity  of  sail  she  carri;.'S;  her 
relociij  through  the  water,  &«.:  hence  no  general  rules  con  be  laid  down  with 
,  accuracy  that  will  determine  the  quantity  of  Tee-way  in  all  cases.  The  following 
have,  however,  been  usually  given  by  most  writers  on  navigation : — 

1.  When  a  ship  is  cloee-bauled,  with  all  her  swls  set,  the  wster  smooth,  and  a  tight 
breeze  of  mnd,  she  is  then  supposed  to  make  little  or  no  lee-way. 

2.  When  the  top-gallant  sails  are  handed,  allow  1  point 

3.  When  under  cloae-raeled  topsails,  allow  2  points. 

4.  Wben  one  topsail  is  handed,  allow  2j  points. 

5.  When  both  topsails  art^  handed,  allow  3j  points. 
6>   Wljen  the  fore-course  is  handed,  allow  4  points. 

7.  Wlien  under  the  mainsail  only,  dlow  5  points. 

8.  When  under  a  balanced  mizzen,  allow  6  points. 

9.  When  under  bare  poles,  allow  7  points. 

As  these  allowances  ilepend  entirely  on  the  quantity  of  sail  set,  without  regard  to 
any  other  circumstance^  it  is  evident  that  they  can  be  conndered  only  ns  probable 
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conjectijm,  ani  may  indeed  serve  to  work  up  the  day*!  woifc  or  a  Journal  that  bai 
been  Defected.  Hut  Hince  the  compuialiou  of  a  ahitfa  way  depends  mucta  upon  the 
accuracy  of  this  allowance,  it  would  he  proper  for  the  officer  of  the  watch  to  tnaric 
the  lee-way  on  the  log-board,  in  the  column  reaerred  for  that  purpose.  The  lee-way 
may  be  estiinuted  by  obeerruig  the  angle  which  the  wake  of  the  ship  makea  with  th* 
point  right  oiitern,  by  means  of  a  aoinlcircle  marked  on  the  taflerei,  and  divided  into 
points  and  quarters ;  liy  means  of  which  the  angle  contained  between  the  directjon 
of  the  wake  and  the  point  of  the  compaM  directly  asterti,  may  be  easily  as- 
certained. 

The  lee-way,  thus  determined,  is  to  be  allowed  on  all  courses  riMrn^  (o  thetighthand 
^  Ihe  eowrm  Btttnd,  viKai  Oie  larbmrd  laeJu  <db  aboard,*  but  to  tht  l^  hand,  teJten  U» 
itarboard  ladu  are  aboard;  the  person  making  the  allowance  being  supposed  to  be 
(ookuig  towards  the  point  of  the  compass  tlu  ship  is  sailing  upon. 

EXAMPLES. 


GmruMSMTtd. 

WiMdM. 

I-«^. 

Thuamrttt. 

N.W. 

E.N.  E. 
E.8.E. 

W.  by  N. 
E.  N.  E.  j  E. 

N.N.  K 
North. 
South. 
N.gW. 

1  poinL 

1 

3' 

N.W.byW. 

EbyS. 
W.jN. 
N.  E.  1  N. 

a  course,  you  roa*  do  it 
ai  once,  by  allowing  their  sum  when  thev  are  both  the  aame  way,  or  tlieir  dii^rence 
when  the  allowance  is  to  be  made  in  dimrentwsye,taking  care  to  make  tlie  allowance 
in  the  eaine  way  as  the  greater  quanti^  ought  lo  lie,  whether  it  be  the  variation 
or  lee-way. 


EXAMPLE  I. 

A  ship  steers  W.  by  N.,  yrith  her  lar- 
teard  lacks  aboard,  and  makes  one  point 
lee-tvay,  there  being  two  points  westerly 
variation.    Required  the  true  eourae. 

Lee-way  to  the  right-hand 1  point 

Variation  to  the  left g  points. 

DiRerenee  allowed  to  the  left . .  1  point 

Whence  the  conrae  is  west 


EXAMPLE  II. 

A  afaip  steers  E.  8.  E.,  with  her  star- 
board  tacks  aboard,  and  makes  two  points 
lee-way,  there  beins  one  point  westerly 
variaiiDn.    Required  the  true  course. 

Lee-way  to  the  left 2  points 

Variation  to  the  left 1  point 

Sum  allowed  to  the  left Spojnia. 

Whence  the  course  is  E.  by  N. 


In  a  viirient  gale,  with  a  head  wind  and  heavy  sea,  when  it  would  be  dangerous  to 
carry  sail,  It  is  usual  to  lie  to  under  sufficient  rail  to  prevent  the  vesael  &vm  rolling  ao 
much  as  to  endanger  the  masts  and  rigging.  When  a  ship  is  lying  to,  the  tiller  Is  put 
over  to  leeward,  and  wlien  the  ship  has  head-way,  the  rudder  acta  upon  her  to  hnog 
her  to  the  wind;  the  ship  then  loses  her  way  in  tlie  water,  which  ceasing  to  act  on 
the  rudder,  her  head  (oils  off  from  the  wind,  and  the  sail  which  ia  set  fills  and  gives 
her  fresh  way  through  the  water,  which  acting  on  the  rudder,  brings  her  head  Ogsin 
to  tlip  wind.  Thus  the  ship  is  kept  continuaHv  falling  off  and  coming  to.  In  this 
case,  )-ou  must  observe  the  points  on  which  sire  comes  up  end  falls  offTand  take  the 
middlp-  between  the  two  paints  for  the  apparent  course,  from  which  allow  the 
varietiiD  and  lee-way,  and  you  will  obtain  the  true  course. 

EXAMPLE. 

A  ship,  lying  to  under  her  mainsail,  with  her  starboard  lacks  aboard,  comes  up  K. 
oy  S.,  Btid  fulls  ofTN.  E.  t^  E.,  there  being  one  point  westerly  variatian,  and  she 
makes  fi  pointF  lee-way.    What  course  doea  she  make  good  ? 

The  middle  lietwei  n  E.  by  S.  and  N.  E.  by  E.  is  E.  by  N.;  and  by  allowing  tl 
poiutp  to  the  lefl  hand  [viz.  S  for  tee-way  and  1  for  variation)  the  tnie  coutee  will  be 
obtuiied,  N.  by  E. 

*  Su  Uie  DOW.  page  136. 
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THE    TABLE. 


CbUTMMon^. 

Wind>. 

Varia. 
iromtt. 

Qnirtet  tamettd. 

W.  8.  W. 

W. 

W.  by  N. 

S.W. 

H.  K.  E. 
N.  N.  W. 

8. 
B,  8.  W. 
N.mW. 
W,  S.  W. 

il 

W. 

w. 
w. 
w. 
w. 
w. 

N.  51  W. 
8.  Cj  W. 
8.C^W. 

8.  7  W. 
8.  H  W. 

S. 
8.  S.  W. 
S.  W. 

w. 

W.  by  N. 

E.  by  8. 
E.  K  B. 

E. 

E. 

W.  8.  W. 

W. 

N.  W.  byW. 

8.  8.  W. 

N.^  E. 

2 

i 

w. 
w. 
w. 

w. 
w. 
w. 

w'. 
w. 
w. 

8.  S.  E. 

B.  i  E. 
B.  B.  W.  i  W. 

W.  i  N. 
W.  S.  W.  1  W. 

S.  1  W. 

E.  by  N. 
E.  N.  E   i  E. 

E.  4  H. 
E.  N.  E    i  E. 

S 

E.  8.  E. 

W.  3,  W. 

W.  by  N. 

N.  VV. 

E.&E. 

N.  E. 

S. 

B.  W.  by  8. 

W.  8.  W. 

,1 

1 

w. 
w. 
w. 

w. 
w. 

S.  W.  by  W. 

w,  4  ff. 

N.  W,  j  W. 

a. 

H.  by  B. 
N.  W-  by  ». 
N.  W.  by  W. 

W.  8.  W 

N.  W.  by  W. 

W.  by  8. 

N.  by  E. 
N.  W.  by  N. 

1 
1 
1 

8.  i_E. 

N.  N.  \.  1  E. 

N.  1  W. 

N,  W.  by  W.  i  W. 

w'l  S. 

ir  the  ship  has  been  acted  upon  by  a  current  or  a  heave  of  the  sea,  ^ou  tiniHt  allow 
'  the  Bui  and  drift  as  a  courae  and  dinance  in  ifae  Traverse  Table,  an  directed  in 
page  125. 

Having  corrected  the  coiti-Bes  for  lee- way  and  variation,  and  estininteil  the  distnncet 
■ailed,  the  liitilude  and  longituile  in  (it  noon  are  to  be  found  by  either  of  [he  pjii-eding 
meltioda  of  sailing.  The  latitude  and  longilude,  thus  calc-uluted,  are  ciilli'd  the 
latitude  and  lon^ptuile  by  dead-rtekoning ;  and  if  thu  real  course  and  distance  nuule 
good  liy  tlie  shiji  could  be  enticnated  accurately  by  the  compasa  and  log,  nothing  ntore 
woidd  be  necesaary  to  determine  the  ship's  place  at  any  time ;  but  by  rvasoti  of  the 
various  accidents  that  attend  a  ship's  way,  such  aa  heave  of  the  sea,  luilciiuwn 
cturents,  difforent  rales  of  soiling  between  the  citnca  of  heaving  the  log,  sudiica 
squalls,  improper  allowance  for  lee-wny  and  variaiion,  the  latitude  ami  loti|;i[iide  of 
the  ship,  HB  deduced  from  the  reckoning,  will  frequently  differ  from  the  liitiluile  and 
longitude  by  observation.  In  this  cnxe,  it  will  U:  projrer  to  re-e—- 
to  see  whet'hcr  a  Just  allowance  has  been  mnde  for  lee-way,  ' 
drift  oC  the  sea,  error  of  the  log-line  and  glass,  Su-.^  since  il  w 
that  a  different  olid  mur<:  probable  estimate  of  some  of  these  ouanl. 
dead-reckoning  agree  more  nearly  with  the  observations.  Before  thu  method  of 
finiling  the  lungiiude  l>y  lunar  obaervatioiia  was  introduced,  the  mariner  hud  no  otiier 
otieervation  to  be  de|>ended  on  except  his  latitude,  and  it  was  then  usual  to  make 
allowances  for  supiwsed  errors  in  the  cout«es  and  distances,  so  aa  to  make  the  luiitniie 
by  observation  and  dead-reckoning  agree.  The  method  of  doing  this  coiiKista  in 
finding,  by  the  difference  of  latitude  by  observation,,  and  the  departure  hy  iiccininl, 
the  corrected  course,  distance,  and  dlflureiice  of  latitude,  by  Caae  II.  of  Middle  Lati- 
tude, or  Mercator's  Sailing,  as  in  the  following  example : — 


the  enlcidation, 
>n,  Iwd  Hteerage, 

will  make  tlie 


EXAMPLE. 
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southing  and  64  mites  westing.  Required  the  come,  diMftDce,  and  difi^renoe  of 
lonpiiiile. 

WiLii  the  difference  of  latitude  by  obHerrBtion,  90  mileB,  (tlie  difference  of  •tT'  49 
and  3!)°  18',)  find  the  depanurt;  by  d^-reckoniuf,  64  miles,  1  nod  by  Case  IL  of  Middle 
Lalituile  Sailiiig,  the  course  Dearly  35°,  and  the  distance  110  milce ;  and  with  the  middle 
latitude  by  oliservation,  38°  33*,  and  tlie  depanure,  64  miles,  I  liiid  (lie  diflereucc  of 
kingitude  to  be  82  miles.  If  the  middle  latitude  by  dead-rei^oning,  38°  24',  had  Iwen 
taken,  the  result  would  have  been  nearly  the  laine. 

If  you  have  not  had  an  observauon  lor  several  days,  end  then  find  an  error  in  the 
teticude  by  account,  you  may  on  these  principles  correct  the  latitude  on  the  inter- 
mediate  Jays,  by  Having,  As  the  tuin  of  ail  the  diafimcu  taiUd,  tince  Oit  first  obmrvation, 
u  to  the  viiu>le  irror  xn  Jit  laliivde,  ton  the  tarn  qfthe  dulances  taUtd,  from,  iht  limi  of 
taking  the  Jirit  ob»ervation  lo  the  noon  of  am/  pariiadar  day,  to  the  carrtdion  of  &e 
latitude  bu  dead-reckoning  on  titat  dm,  mtUheiiy  y"  lite  taat  latiiudt  by  obtrrbation  u  (ouiA 
qf  the  laltlttde  by  davi^rtdtoning,  otnaieite  noriheriy.  Thus,  if  the  latitudes  by  dead- 
reckoning  afiioou,  on  four  successive  davu,  were  41°  (X,  41°  30',  42°  C,  43°  ff,  the 
latitude  by  observation  on  the  first  day  41°  ff,  and  on  the  last  day  4?*  15',  diffeiiiie  15 
niiles  fi'Oin  the  latitude  by  ai^couiil;  the  dislances  sailed  by  tlie  tog,  on  the  three  days 
respectively,  30,  !)0,  and  105  miles ;  we  must  say,  As  the  wholu  sum  oflbe  distuiices, 
S25  tiill«s  )s  lo  the  error  of  the  latitude,  15  miles,  so  is  the  fb-st  distance,  :iO,  to  the 
correction  of  the  second  latitude,  2',  and  so  is  the  sum  of  30  and  90  (=^120(  to  the 
correctiun  of  the  third  latitude,  8* ;  so  that  the  corrected  latitudes  will  be  41°  C,  41° 
30'+a'  =  4I°.Ei',42°0'-t-8'i::^4a^8'and  43°I5',and  the  corrected  difTerencea  of 
latinide  on  tl  e  successive  days  will  be  32',  36',  and  67',  with  which  and  the  dejiarture 
by  dead-recki  ning,  the  corrected  courses,  distances,  iic^  on  each  day,  may  be  found, 
It  thought  necessary ;  but  ns  the  corrected  longitude  is  not  sensihly  altered  by  any  of 
tliese  corrections,  it  appears  to  be  in  general  wholly  unnecessary  to  make  any  altera- 
tion in  the  Juumal  on  this  accouuL  But  if  it  be  thought  proper  to  notice  these 
correctiotix  in  |>lottiiig  ofl'  the  track  of  a  ship,  it  will  be  necessary  first  to  plot  off  the 
couriHiK  by  dead- reckoning,  and  tlieu  to  place  tiie  points  arrived  at,  at  the  end  of  each 
da^,  as  much  to  the  nortlj  oi'  south  of  the  }ilaceB  by  dead-reckoning  as  will  muke  thn 
liititu<les  of  those  iHiiiiia  agree  with  the  corrected  latitudes  found  by  the  above  rule. 

The  latitude  and  longitude  being  found  by  the  preceding  methods,  we  may  tlience 
determine  the  bearing  and  distance  of  the  place  of  destination;  but  when  the  iniu-iner 
is  feiu'lid  tliat  his  longitude  by  accotint  is  inaccurate,  and  he  hiui  no  lunui'  olwerVNtions 
or  chronometer  to  correct  it,  he  niuBt  get  into  the  iutitude  of  the  place,  niiil  (if 
poHulile)  run  east  or  west,  according  to  his  sltuatioii  and  the  prevailing  state  of  tiie 

We  have  now  given  ott  the  rules  necessary  for  woritjijg  a  day's  work,  and,  for  tiie 
eoiiveiiioiir^  of  the  learner,  (to  enable  him  to  refer  to  them  easily,)  we  lutvc  bera 
collected  them  in  tlie  eight  following  aniclee : — 

Ruhsfor  iBorking  a  day'i  work. 

1.  Correct  tin  ssveral  rourses  sailed  *  for  variation  and  lee-way,  and  enter  ihein  in 
a  iravente  table,  and  opposite  to  each  course  place  the  dierance  nni  on  that  counck 
HiiikI  by  sununing  up  the  knots  and  liithoiiis  sailed  by  the  xhipoti  tliatcouriie.  Find 
in  Table  I.  or  II.  tlie  difference  of  latitude  and  departure  correejKiuding  to  each  course 
and  dislnnci,  oiid  set  them  in  their  reiipoctivu  columns;  then  the  difference  Ix^tween 
llie  KUius  of  tlio  nortliiiigs  and  southings  will  be  the  difference  of  latitude  made  good, 
of  the  same  name  with  the  gi'eaier;  and  the  difference  lK:iwKen  the  i^uuis  of  tlie 
eastings  and  westings  will  be  the  de|iarture  tiiade  good,  of  the  same  name  with  the 
greater  iiiiantity. 

2.  Seek  in  Table  Lor  IL  until  the  above  diffisrence  of  latitude  and  thedeimnureare 
fomid  together  in  their  respective  columns;  opposite  to  these  will  be  the  distance 
nuiiie  giioil,  and  at  tlie  top  or  bottom  of  the  po^,  according  as  the  departure  is  leM 
or  greater  than  the  difference  of  latitude,  will  be  found  the  coMrse. 

3-  if  the  latitude  from  which  the  ship's  deimrture  is  taken,  or  yesterday's  latitude, 
t»e  of  the  Slime  name  as  the  difference  of  latitude,  add  them  together;  but  if  of 
diffeniiit  names,  take  their  difference ;  the  sum  or  remainder  will  be  the  present 
Utiliide,  of  the  same  name  as  the  gi«ater. 
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4.  Find  the  middle  latilnde  between  the  latitude  of  jesterdny  and  this  day 
which  take  as  a  course  la  Table  II.,  and  seek  fbr  the  departure  in  the  columa  of 
difierence  of  ItLtitade ;  then  will  tlie  distance  corresponding  be  the  difference  of 
longitude,  of  the  same  name  as  the  departure. 

5.  If  tlie  longitude  in  yeaberday  be  of  the  scune  name  as  the  difference  of  longitude, 
add  them  together;  but  if  of  Jifforeut  n:imes,  t^e  their  difference;  the  sum  or 
remainder  will  be  the  longitude  in,  of  the  same  name  as  the  greater. 

6.  If  a  lunar  observation  were  taken  at  any  time  of  the  day,  yuu  must  fiud,  by  the 
above  method,  the  difference  of  longitude  maile  since  taking  the  observation  for 
regulating  the  watch,  and  Uience  the  longitude  in  ac  noon  by  that  obserration,  and 
enter  it  in  the  Journal  as  the  longitude  by  observation. 

Whenever  It  is  posnble  to  obt^  saUsfactory  observations,  lunar  distances  should 
be  taken. 

7.  If  you  have  a  chronometer,  regulated  for  mean  timo  at  Greenwich,  and  you 
can  find,  by  obBervation,  the  mean  time  at  the  ship,  the  difference  between  those  two 
times  will  be  the  longitude  of  the  ship  at  the  time  of  observation,  ne  shown  by  the 
chronometer.  This  longitude,  reduced  to  noon,  by  means  of  the  log,  may  also  be 
entered  in  the  Journal. 

I/namgatara  vnuid  Ti^tct  tKe  abiurd  mode  of  reckoning  hij  the  sea-bay,  and  adopt 
ASTRONOMICAL  (tnw,  it  wouid  ifiSMH  UutiT  lobar  and  tend  to  much  greitler  accuracy  in 
their  daUi/  wonts.     Why  cannot  this  be  doua  ? 

8.  Find  on  a  general  chart  the  spot  corresponding  to  the  latitude  and  lonptudeby 
observation,  and  that  plaoe  will  represent  the  eituatiou  of  the  ship,  whence  the 
boating  and  distance  of  the  intended  port  may  be  found.  The  same  maj  be  obtained 
bymiddlelatitudesailing, byin-ipeolioaof  Tablell,,  thus:  Find  the  midJle  latitude 
between  the  place  of  the  shipand  the  proposed  place,  and  seek  for  that  latitude  as  a 
course  in  Table  II.,  and  find,  in  the  corresponding  page  of  the  table,  the  difference  I'f 
longitude  (between  the  ship  and  the  proposed  place)  in  the  distance  column,  apposite 
to  which,  in  the  latitude  column,  will  be  the  departure.  Seek  in  Table  II.  tor  this 
departure  and  the  difference  of  latitude  [between  the  ship  ond  the  proposed  place)  till 
they  ftre  found  to  agree  ;  corresponding  tlioro to  will  ha  tiie  bearing  and  distance 
requirel.  Ktho  maj-natio  bearing  be  required,  the  variation  muat  be  allowed  oq  the 
true  bearing ;  to  the  right  hand  if  the  variation  is  westerly,  or  to  the  left  hand  if 
easterly. 

9.  When  the  latitude,  by  account,  is  uncertain,  the  known  position  of  the  ship 
«  on  aline  of  bearing"  may  bo  of  very  great  importance.  In  this  case  the  mode 
of  proceeding  is  shown  on  page  205,  or  in  Sumner's  work. 

We  shall  now  proceed  to  exemplify  the  above  rules ;  first  by  a  few  eianii>le8  of 
•eparate  days'  works,  and  then  by  a  Journal  from  Boston  to  Madeira,  kept  in  tha 
nBQal  form. 


Digitized  byGoOgIc 
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Yesierday,  at  nnon,  ne  were  in  the  latitude  of  48°  SI' N^  anrf  the  o[j|iti.d«{rf 
9S°  38  W.,  aiid  have  sailed  till  this  day  at  dood,  as  per  los-board.  Kequmd  the 
oouise  and  dislance  made  good,  wi^  the  tatiiude  and  longitude  iD. 

LOO-BOUtD. 


H. 

"a" 

4 
6 
B 

10 

12 
S 
4 
6 
8 

10 

13 

K. 

F. 

CoUTtM. 

m>uu. 

RemarkM 

6 
5 
5 

3 
3 

6 

6 
4 

4 
5 
6 

5 

8.  W.  by  W,  1  W. 
S.  W.  1  W. 

S.  W.  i  8. 

N. 
N.  W. 

W.N.W. 

and  cloudy  westliet'. 
At  4  P.  M.,  ipoke  ship  WsthiQK- 
ton,  from  New  Turk,  bound  to 
Cork. 

At  6  A.  M.,  rtowed  the  uehon, 
*nd  unbent  the  csblei,uid  coiletl 
them  between  deck*. 

Varl&tion  3^  poiiiu  wi^iierlj.* 

TRAfERSR   TABLE. 


By  exhinining-  the  log-board,  it 
ap|)eant  ttjat  the  Hiii|i  f;a^  large, 
and  inaknB  no  lee-way;  ihere- 
fbre,  by  allowinji  tlie  voriatioD 
on  each  of  the  courses,  tliey  will 
stand  oe  in  the  adjoineil  TraverM 
Table.  Then  the  didtmicei 
Diarfced  on  the  lo^-board  tnust 
be  au mined  ii|i  and  doulileU, 
because  they  are  marked  «)ly  for  every  two  hours,!  In  allowing  for  the  fnthomfl, 
we  must  reckon  10  to  a  mile;  and  when  the  teiiclii  are  aliove  5,  we  miiBt  udd  1 
mile  to  tlie  distance.  Having  found  the  diMancea,  we  must  find  the  corres|ioiiding 
differences  of  latitude  and  departurea,  in  Table  I.  or  H.,  and  then,  with  the  whole 
difference  of  latitude  and  departure,  we  must  find  the  course  aiid  diMance  niada 
good,  and  the  difibrenco  of  longitude,  by  Case  II.  of  Middle  Latitude  Sailiug. 


Gna-KW. 

DUt. 

N. 

S, 

E. 

W. 

s.w.is. 
8.  a.  w.^  w. 

8.  by  W.  i  W. 

43 
37 

33J1 
34.4 

iS.8 

».3 

18.4 
7.8 

Diff.  Latitude  93.4 

Dep.    53.6  1 

The  d'tfTerence  is  the  latitude  in , «i  46  N. 

Sum  of  die  latitudes '. 05     9 

Middle  latitude 47  34 

With  the  difference  of  latitude  made  good.  03.4  S,  and  the  departure,  53Ji  W,  wo 
inuBt  enter  Table  IIt  and  we  shall  find  tliey  correspond  nearly  to  a  course  01 
S.  30°  W.,  and  distance  108  milea.  Then,  with  the  middle  latitude  47°  34',  or  4tr, 
we  must  enter  Table  IL,  and  we  shall  find  the  departure  53.5  iu  the  latitude  columo  | 
oppueitu  to  which,  in  ;Jie  distance  column,  is  the 

Difference  of  lonptude 8*=;    ]''aO'W. 

Longitude  left 36  88  W 

Sum  ii  the  longhude  in .* 37  48  W 


'  Aa  ttrat  eiamples  we 

t  In  long  voyagn,  il  u 
Bukad  OD  Um  log,  b«iug  m 


!  given  only  10  illiutrsle  Ihe  rulet,  « 


„.db,Googlc 


METHOD  OF  KEEPXNQ  A  JOtJRNAL  AT  BEA. 


EXAMPLE  IL 
TeMenby.  u  noon,  we  were  in  ibe  latitude  of  3!F>  46'  N^  uid  the    on^tnde  of 
17*43' W^  and  bare  ui led  till  this  noon  sBper  log-hoard.    Required  tb  a  latitude  uU 
ougitude  in,  and  the  bearing  and  diauuice  or  Cape  SL  Vincent 


H. 

E. 

r. 

CmiMu. 

Whtda. 

Ut- 

iffflulri*. 

a 

8.bjlHK. 

8.  W.  4  W. 

H 

TbeK  34  houn,  modente  plM 

M 

» 

4 

A 

8 

K 

t* 

7 

H 

fl 

8 

» 

B.8.B. 

B.  W. 

U 

II 

» 

AtSA.  H.,  nwaahiplowliid- 

ISI 

9 

3 

vanl,  Maering  CM. 

D 

4 
5 

b 

8.S.E.tE. 

8.  W.  1  8. 

4 

fi 

5 

7 

6 

fl 

S 

» 

6 

8.  E.  bj  8. 

S.  W.  by  B. 

U 

4 

lit 

Variation,  J  point  euterly. 

TRATEBSE   TABLK. 


Omrtn. 

DiK. 

N. 

8. 

E.     W. 

S.a.E.|E. 
S.  E.  i  8. 
8.  E.  i  S. 
8.  E.  i  E. 

48 
31 
33 
38 
Diff. 

La. 

41^ 

05.4 

34.7 
S1.7Dep. 

Luitudein 34     I  ^ 

Sumoftbe  luitudei 69  47 

IKiddlu  latitude 34  S3 


llifl  eouraee  being  corrt^ted  for  lee-way 
and  vnrintion,  and  tbe  diauincea  aumciied  up, 
(but   not    doubled,    aince    the   los-bpard   la 
marked  for  every  bour,)  will  stand  as  In  tbe 
aJjobeil  traverse  (able.    Hence,  tlin  difler- 
encB  of  latitude  made  good  i»  105.4  S.,  and 
tbe  departure    81.7   E. ;     consequently   the 
coune  ia  a  38°  £.,  and  tbe  diiuance  133 
niilea  nearly. 
1  N.     With  the  middle  lacinide  34°  ."i-T,  or  35°, 
and  llie departure  1^1.7,  tbe  itiflluriong 
ie  found  to  l>e  100  miles  =:     1°  40*  E. 
LongitudeWift 17  42  W 

Longiludebt IC    2  W 


Tojlnd  the  htarmg  and  ditlanee  of  Ci^w  SL  FinttnL 

latitude  in 34°  1' N.        Mer.  parts  2173      Longituile  in....  16° S*  W. 

Cnp«8t.ViitceirfiUt37   3  N.        Mer.  i.arta  ZHM      Cape  8t.Vln.  long.    9  2  W. 

Diflbwmee oflaiiuide  3°9'=riaa'   Mer.diff laL 233      Dig tongJiuOe. . ■    rO'=4aO' 


BY  LOGAEUTUBIS. 


Tojnd  tht  btaring. 
Aamer.  die  latitude 923... log.    334830 

Is  to  radius 45° 10.00000 

Bo  is  di£  lonfntude.  420. .  .log.   2.62325 
Toiangrai  courwtBi°03'  1037495 

Hence,  tbe  bearing  of  C^m  Bt.  Vincent  isN.  62^  Oif  E.,  and  distance  388.1  njileh 


TofiidOud. 

Aaradiiia 45°       10.00000 

Is  to  propL  ditf:  laL       182 2.26007 

So  b  secant  coune  62°  02* 10J)2887 


METHOD  OF  KEEPING  A  JOURNAL  AT  SEA. 


EXAMPLE  in. 

Suptoee  that,  at  the  end  or  the  Bca-dny,  March  10, 1861,  we  were  in  the  Iatittld«  of 

43°  34'  N.,  Hiid  the  lon^iiiide  or  50°  L^  and  have  euLltid  Lll  nezt  Qooii,  as  per  log- 

bottrd      Required  the  luliiude  and  loogitude  in,  and  the  va-iatioa  of  the  cotopaa^ 

having  lokeu  tor  tbia  purpose  tlie  obeervatioQ  inarked  on  the  log-board. 

LOO-BOAItD. 


H. 

K. 

F. 

Cmtnt*. 

Wmit. 

^. 

BniMrb. 

S 
4 
6 
8 
10 

la 

3 
4 

6 
8 
10 
18 

3 

6 

5 
6 

S 
6 

6 

W.  8.  W. 
8.  W.  by  W. 

Sooth. 
8.  by  E. 

The<e  34  houn,  niodente  nlei ;  {band  ■ 
■maU  current  aettinK  N.  £.,  at  the  lale 
ofl  milo  in  4  houn. 

N.,  1SS°  19'  E. ;  altituife  of  ®'i  lower 

In  ontiiDlBtiDg  the  variation  from  the  above  obtervatJon,  it  U  neoeBSBry  to  End  the  deolina- . 
tiOQ  and  latitQde  at  the  time  of  observation.  The  former,  at  nuoii  ending  the  aea-dav,  March 
11,  18M,  waa  8"  29'  8.  by  Table  IV. ;  the  correction  for  the  longitude  50"  E.  i*  +  8'  18", 
and  for  the  time  from  noon  ^'■ia  +  3' 61";  thereforethe  wholeeorrectiimiB  nearlv  7',  which, 
being  added  to  3"  29-  givei  the  deoliaation  at  the  time  of  obBervutiiin  3°36''S. ;  aoian- 
qnently  the  polar  diatnnoe  93°  3ti'.  To  find  the  latitude,  we  mnet  aee  bj  the  kig-buard 
wliat  ODureea  and  diatances  the  Btilp  baa  sailed,  from  noon  to  the  time  of  obftervatJon,  at  8 
A.  M.,  vii.:  W.S.W,  68  miles,  and  S.W.  by  W.  19  miles;  the  current  gutting  in  thb  same 
Ume  N.E  5  milea  ;  these  counes  must  be  ourrected  for  one  paint  weitorly  variation,  which 
ie  found  to  be  nearly  iiB  value,  by  a  rough  calculation  made  with  ihe  latitude  in,  the  pre- 
eodiiiK  nuon;  and  by  airaneiDg  these  cuurBL-s  and  distances  in  a  traverse  table,  vc  iind 
that  the  difference  of  latitude  made  good,  at  8  A.  M.,  la  about  41  milee  ;  conaoquentiy  the 
latitude  in,  at  tbe  time  of  observation,  is  aesrly  42°  5S'  N. ;  the  observed  altitude  of  the 
aon'a  lower  limb  is  18°  43' ;  tbe  correctioD  for  dip  and  semidiameter  +  12',  and  the  refne- 
tion  by  Table  XII. — 8'  nearly  ;  consequently  the  sun's  correct  altitude  is  19°  52'.  With 
these  data,  the  true  azimuth  is  calculated,  as  in  page  160. 

PoWdiataocB 03°86' 

I.BtJtude 42   58 Seeant  O.ISSOS 

Altitude ■   18  62 Secant  0.02398 


Halfeun 

Polar  distance.. 
Bemainder 


..155  21 

,.  77   41. Cosine  S 


.  .Coaipe  9.98303 

Sum    19.47107 

0.73654 


Trneaiimnth N.  114     6  E. 

Magaetio Biimuth N.  ItS  IDE. 

Variation II  13  W,, 


TRA 

reus 

K   TABLE 

CoH-iu. 
8.W.{j,W. 
H.  E.  by  H. 

Put. 
58 
32 
6 

N. 

8. 

E. 

W. 

5.0 

3S5 
S2.6 

3.3 

46.2 
22.6 

'mi 

6.0 
"Ut 

54.8 
6.0 
49.8 

3.3 

70J 
3.3 

ing  it  ftom  the  longitude  left,  60°  E.,  we  get  the  longitude  in  4U°  28'  £i 


bping  sunimed  ap,  the  liaveree  table  will  be  ai 
■djoined ;  and  the  difTerence  of  latitude  made 
good==49.8  8.,  departure  =  (T7.6  W.  Henoe  the 
course  made  good  is  8.  G3i°  W.,  and  the  diatanoe 
^84  mile*.  Subtracting  the  diSeience  of  lati 
tnde  SO*,  ftom  latitude  left  43°  34',  Iheie  remuiis 
the  latitude  in  42°  44'  N.  Hence  we  have  tbe 
middle  latitude  43°  0',  with  which,  and  the  de- 
parture 67.5,  we  find  the  diflfcrence  of  longitudi 
to  be  92',  or  1°  Slf  W.,  nearly  ;  and  bj  k 


METHOD  OP  KEEPING  A  JOORHAL  AT  SEA. 


EXAMPLE  IV. 


ay,  at  noon,  we  were  in  the  Utitude  of  40°  19'  N.,  and  in  the  lungiiude 
Wi  and  bare  aailed  dll  thii  DOon  u  per  )og-bcx>k.     Requimj  the  bearing 


Vealerdai 
and  distance  of  Cape  Cod. 


L0040ARD. 


u. 

K. 

r. 

CtmrtM. 

m^. 

Lu. 

RmarU. 

1 

2 

3 

W.  M.  W. 

North. 

1 

Tint   part   of  lhe>e  24  hours,  light 
part,  pleannt  galM  and  cloudy 

S 
6 
7 
8 
9 
10 
11 
IS 

3 
3 

4 
5 
6 

7 

5 

6 
5 
6 

6 
6 

5 
S 

N.  W. 
H.  W.  I  v. 

N.  N.  E. 

n.  E.  i  E. 

1 
1 

N  M.  W. 

H.  E.  by  E. 

0 

■M  bottom. 

8 
9 
10 
11 
13 

6 
5 

E.  N.  E. 

Utinde,  by  obaerrUion,  40°  r>0'  N. 
VaiiUionlofapointW. 

TRArZRSZ 

TABLE. 

Ctturtu.           DiM. 

«. 

8. 

E. 

W. 

W.iN.             15 
H.W.byVjW.     a 
N.W.byW.lW.    10 
N.  N.V.jV.     20 

0.7 
0.9 
5.1 
S4.9 

15.0 

DilT.  Lat.  31.6 

'Dep.40.3; 

The  distanrea  are  to  be  aiimrned  up^ 
and  marked  in  ibe  traverse  table  without 

hour,  ity  workini;  ihia 
:herB,  we  lir.i{|  iha 
diflc  re  nee  of  latitude  made  mod  ^31.6 
N.,  and  the  departure  40.3  W. ;  liciice 
the  course  N.SS°  W. ueorly, and  distance 
51  inileB. 


doubling,  because  the  loc-buord  ia  nmrh- 
ed    for   every    hour.      Ky    wc  '  ' 
iloy'a  work  like  the  others,  w 


Umndeleft 40°19'N. 

Difference  of  latitude ^  N. 

Latitude  in  by  dead-reckoning  40  51  N. 

Bum  of  latitiidea 81   10 

Middle  latitude 40  35 


With  the  middle  latitude  40j°,  and  the 
depaitiirs  40.3,  we  find  the  difference 
of  longitude  is VSSW. 

Longitude  left^ g?_56  W. 

Longitude  in 68  51  W 


Tojiad  the  htving  mud  diilaiiee  of  Cape  Cod. 

Long,  in  by  D.  R.  ...  68°51' W. 
Long,  of  Cape  Cod  . .  70    4  W. 

DiJlbtTOce  oflatitude      1  13=:73miles. 

Middle  latitude 41  26* 

With  the  diffitrence  of  longitude,  73  miles,  aitd  the  middle  latitude,  4P  36j'  or 
41  j°,  we  find  the  departure,  54.6  oeariy ;  with  which,  and  the  diffbrence  of  latitude 
"^  miles,  the  bearing  of  Cape  Cod  is  found  to  be  N.  37°  W.,  diatant  91  mile& 


JOURNAL 

OF  A  VOYAGE  FROM  BOSTON  TO  MADEIRA. 


H. 

T 

3 
3 
4 

5 

6 
7 
A 

K. 

F 

Onnei; 

IFW>. 

RuuKH  m  6<w4fK(i<Q,Mpt425,1864 

At  noon,  got  under  way,  with  a  fine  breeie 
from  tbo  N.  W. 

Jot  a  good  boariuK  of  the  bud  at  noon,  and 
fbuQd  tbe  vartoiion  and  totalaUTactum  of 
tho  atandard  contpau  8o  W.     Ship  hoad- 
u.g  Wert. 

9 
10 
11 
12 

6 
6 

5 
S 
5 

5 

E.by8. 

N.  W. 

At  8  P.  M.,  Cape  Cod  Il^t-houK  bore 
S.  by  E.  1  E.,  dinaot  14  mUeii  fixim 
which  I  take  niy  departure. 

3 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 

5 
5 

North. 

Thenno  at  do 
du.     at  mi 

Baroni.  M  Dooi 
do.    atmidi 

Variation  (or 

dnight 350 

29.9(} 

ighi 29.7B 

point  w«M«n>. 

Cpurn. 

DUt. 

IS: 

Dy. 

%,'' 

Dig. 

D.R. 

tri" 

•S™. 

nssfM'E. 

96 

H. 

7 

H 

N. 
43°  10- 

ffV 

W. 

6J»57' 

w. 

67=  58' 

TRATERSE   TABLE. 


C«cr«.. 

Din. 

N. 

8. 

E. 

W. 

N.N.W.4  W. 

14 
101 

12.3 

B.0 

100.9 

6.6 

12.3 
&0 

5.0  i  100.9 

6.6 

Diff.  Ut  73 

Dep.  M.3 

llmhsi,  h 


BihliiB.tiyE.  I  E.,Ai 


lliE  apimlu,  or  N.  liy  W.  1  W.jiiilnlor 


ud  dM<in«. 

Tha  >h1I>  Hllcd  nil  6t.j  upon  an  E.  Iit  B.  cnnne  br 
eomun,  which,  hy  ilhiwliii  the  vuImAhi,  !■  B.  1  8. 
TtwwhattdtatucaHllad  (or  llM  ■Bm  of  all  Iha  dl» 


Iku  Um  diOcm*  dT  liMtDd*  made  id 
N.  85*  a*  B.,  Mid  dlRukca  «S  nItM. 
LWIuidt  Mlkd  IVoai,  or  Cip*  CaVt  Ui 


h  T.3  N.,  ud  Ui*  d 


HUT**,  walliidiMaiReapDndlnidlflbnicciorrmtlnid* 
■nddaianuiHg  uid  by  •nMnaliit  thi  Huihliifnn 

... ..._-  — '-luwMiin.ftoBiUWB*-" •-■* 

-3  E.,  whkli  n 


.    0    7  K. 

LMIWd*  la... ■  «  H  N. 

BoBortuluidH SI  13 


iiarTsMa  It.tndipilnnih*  ttpatantiJ, 

in  Iha  laUlude  cotnnn,  li  IIT— tha  dlffeimo*  gf 
Ion  ends  In  Uw  dlaunca  column. 
Lonillude  (torn,  or  Capa  Cod'a  hiiifllada  TS*   ¥W. 


DIflhnnea  uT  laoftwd* .. . 
IdSfttBdeli 

Ttjbid  Vie  hearing  mid  liitUmet^FmielMi. 

HaiUboHl  put! ITSS  LoatHad*  la... 


..  tD73 


of  lilllnda    9  3t 


Bchal*!  lonfttnda,.  IS  M  W 
UarMIoHl  dur.  titlud*_7a  DURmM*  *r  lon|lluda  M    f 

lanllat JOM 

«  oriatHnda  191  mnsa,  mid  difflimn  oTIonitlnde  MM3  mllei,  Ika  hautM  k 
-'-'  -'■-  '"^  -  -" aimu  or  IMwdaM 


JOURNAL  OF  A  TOTAOE  FROM  B09T0N  TO  MADEIRA. 


a 

K. 

P. 

CbKW*. 

WittU. 

Lte- 

RCMAUS  on  boont  &hinfay,  Mareh  36,  1864. 

E.b78. 

S-bjE. 

FVeah  galu  and  pleaaaDl  weather. 

southward. 

E.brs.«s. 

N.H.E. 

AtDOOfl  ObOBTTGC 

bud's  lower  lim 
Auti  for  mDidlaJ 

Correct  altitude 

the  altitude  of  the 
b,  bearing  BOuth.. 
neter,  dip,&c. .. 

50035' 

0  la 

« 

6 
6 

E.  aE. 

©■•  zenith  diota 
©'s  comet  dedi 

ice 

I 

Took  a  double  altitude  of  the  bur  at  10»  and 
ll'  15-,  aod  found,  by  the  ^trst  method,  on 
page  18i),  the  latitude  at  the  time  of  the 

13 

6 
6 

Vartation  |  of  a  point  weweriy. 

Cnu-M. 

DiMt. 

^ 

ft,. 

Lot.  6« 
Okt7 

Limg. 

D.R.     L«^Oi». 

%.,„. 

8.80"15'E. 

16S 

B. 
27 

160 

». 
41"  43" 

N. 
41"  43' 

E. 

U°20' 

TBATERSE 

TABU. 

Cour,». 

Di*l.    N, 

8- 

E. 

W. 

£.  la. 

E-i  S. 
E^.E-IE 

42 
42 

79 

.il 

41^ 
41.5 
76.6 

Diff.  Lkt  275 

160.0  Dep.  I 

The  variation  being  allowed  on  each 
course,  and  the  diBiancee  nimmud  up,  they 
will  stand  aa  in  the  ailjoiiiinc  traverse  tnlile; 
hence,  by  means  of  TubJR  I.,  we  fiml  the 
difference  of  latitude  27.5,  nod  the  dejuirtiire 


.  «l  43  N. 

.  S3  a 

.  41  U 


With  d 


middle  I 


Tnlile  IL,  and  leek  forlb« 
he  Imilude  calumn ;    Itaa 

-lich  1>   IfiO.a,  tnrreipoDd- 

the  disumce  IIS,  which  it  Uierer«rc  ib« 

incei^lODgitude,equalU>....     3°3S'E. 

YonerdaT'i  ioBgimda 67  (VT  W. 

64  t!  W. 


depuuira  160S>  ii 


Tajtnd  At  lumwg  mid  diftoMoe  <ff  FmuiiaL 


H«fidioDil  diff.  Istiluda    6W       DiflerascB  oT  longitude  47  38 

_~_  ^  '  60 

b  bDm M«  Inmila t84B 

BjCM»l.ofMBTmoi'iH«aiag,weBiidlhebMriagiif  F^ithrftob«H.T6°  tT'E.,  ud  iu  diatu 
Wlientben 


mlba  turmiata. 


altitude  of  hii  lower  lii 


in )  the  reriactioa 


It',  which,  being  aiiblracied  from  91 


When  the  ma  w»»  nponliio  men  .       ..    _ 

CD*  II',  to  which  add  Ir  for  Iba  lemidiametw,  perallai,  sod  the  di 

'— -—  l-x-hi-^ii  1  &..  >k!.  .i>:i~i.  h^-.^^i^.  ia  nepeeied;  himL^ ..^.  ...„.,_  „..„„  _„ 

iimcKiu  iium  3U-,  iMva  (hf  lenilh  ditiaoce  39°  17',  wbioh  muM  be  called 
re  HHUh  wfaa  oa  Ihe  meridiai ,  then,  <n  Table  IV^  we  find  the  nn't  deelin*- 
tioaal  Dooo  al  OracBwiehKt^M'N.)  to  iMi  add  the  eorreeiion  4*  iBken  Itdib  Table  V,,  eoireipoiid 
hglotbaahn't  tongfttxrtei  the  nan  ia  9°  SO' N.^itbe  comci  declinBiion;  and  tiaee  the  decliutkn 
awl  lenith  tEMaace  ale  both  softh,  *e  iiniM  add  them  ingeiber,  and  the  nun  wiU  be  Iha  latiluile  bj 
atamUiaBH41°49'N.,  utiehafraaswilhthtlBtilDdebv  accoooL 


JOURNAL  OF  A   VOTAGE 


K.  F.    Oova.      Wind* 


Rknahkb  m  board,  Stmdm/,  Maxth^,  1 


All  IheM  24  boun,  fresh  breezM  and  cleu. 

Observed  tbe  dist&noe  of  the  bod  from  the 
mooD.  Tbe  lon^^tade  at  dooc,  bj  tbe_^r« 
tnethod,  OQ  page  231,  was  found  to  be  60o 
16- W. 

Meridional  alt.  iun*i  lower  limb. .  51°  5S' 
Add  for  seniidianieter,  dip,  &c.. .         13 

Sun'e  correct  tUtitude 53  07 

Subtnctftom 90  00 


Latitude  observed 40  46  N. 


Thermometer  at  noon. 

do.           at  miduight. . 
Barometer  at  noon 

do.      at  midaight 


Variadon  |  of  b  point  weateriy,  pet  amplitude. 


TRAVERSE    TARLE. 


:,B.E.|E. 


N.    I     S. 


192  |Diff.  Lat.  «.7 


IBG.a  Pep. 


The   ship  Boiled  all   day  upon   the 
t  E.  S.  I 


coiiree,   which,  beine  rxirrecled 

e  vni-iaiion,  is  E.  S.  K  1  E.;  Ibe 

whole   distance   sailed    is    192    milKS, 


il  the    difTercDce  of  latitude  in  X) 

milee= 0"47'a 

Yesterday'a  latitude 41  43  N. 

Latitude  by  daily  reckoning 40  56  N. 

So  that  the  latitude  by  oceounl  differs  10  miles  firoin  the  latitude  by  obsei-valion. 
Latitude  ynteiduy  by  abfrrration  41°  43' N. 


Lititodp  by  obierTBtion  this  dsy  40  46  N. 

Difference  of  tat.  by  obmntion..        57 

Hum  oflmituitei 82  29 

Middle  Utitude 41   14 


With  the  middle  Istiludir  41°  14 
and  th«  depHrture  IStiH  u  diHerence  of 
latitude,  we  find  the  coTTespandingdiilanM 
S48,  which  is  equsi  to  the  difference  of 
longitude 4°   ffE, 

Yesterday's  lonptude C4  28  W. 

Longitude  in 60   14  W. 

Thjind  tht  btaring  aad  diMaatt  of  FSmdttd, 

Latiludein 40°46'N.         Meridional  puti  2fi83        Loofitude  b 60°14'W. 

runclisl's  latitude  32  38  H.         Meridional  pmw  ai73        Funcbal's  longitude  16  54  W. 


In  miles 468 


Dtffer>nce  longitude  43  S 

60 
In  mites 3600 


in  mile 468  In  miMs Jflmu 

With  the  mpridinnnl  difference  oTIatitnde  and  differenee  oflonratude.the  bearing  is  fbnnd 
to  be  S.  7fi°  4B'  E. ;  with  that,  and  the  proper  difference  of  latitude,  tbe  distance  is  fonnd  ta 
beSlST  miles,*  by  Case  1.  Mercator. 


'O  MTOndi.  and  the  meRflinnal  p»ni  takan  lo  one  or  two  ffa^ra  M 
it  a  diBemire  of  s  few  mtlm  in  iba  calculaieiJ  <ri>uuicfl.  W«  nu; 
noplily  ihe  nilei  of  navigaliaa.  we  hsvs  aol 


FROM   BOSTON   TO  MADEIRA. 


a    K.  F.     Cbunu. 


FVeah  gales,  witk  rain. 

Al  4  A.  M^  8|>nkB  th«  ship  Franklin,  from 

Philadelphia,  bound  to  Lisbon. 
At  noon,  observed  meridian  &lti> 

tude  a's  lower  limb 64°  00' 

Add  for  eemidiameter,  Sco 0  12 


S.E.t7& 


B  laoith  distance 35  48  N. 

B  correct  declination 3  16  N. 

Latitude  obaerred 39    4N. 

By  an  altitude  of  the  pole  star  taken  at  Q' 
P.  M.,  the  latitude  vae  feand,  br  the  rule 
on  page  206,  to  be  38°  32'  N. 


Barom.  at  noon 

do.    at  midnigbt 

Variation,  {  of  a  point  westertj. 


TRAVERSE 

TABLE. 

CBmrim. 

Ditt. 

N. 

8. 

E. 

W. 

S.  E.  t  E. 
8.  E.  i  8. 
8.8.E.|E 

50 
44 
46 

33.6 
39.5 

40.S 
29.5 
33.6 

Diff.  Lit.  WIS 

93.31HP.  1 

the  coureeo,  they  will  stand  as  in  the  a^i^'iied 
traverse  laMe.  Then,  with  the  difiereiice  of 
latitude  and  departure,  the  course  is  found  to 
be  8.  43^39'  E.,  and  the  distance  136  miles. 


With  the  middle  latitude  39°  S5',  or  40°,  as 
a  rour9e,oi]d  the  departure  93^  taken  as 
diflerence  of  lat,  the  difference  of  Ions, 
is  found  to  be  123  mileft. .  =:    VP  'HE. 

Yestenlay'a  longitude fiO  14W 

56  12W. 


Middle  latitude »^  Longhudein, 

The  course  made  good  each  day  is  marked  in  the  Journal  to  decrees  and  minutes, 
■s  itwas  calculated  by  logarithms;  but  for  practical  purposes,  h  U  sufficiently  exact 
to  find  it  to  the  nearest  degree,  by  means  of  I'able  IL 

ToJM  tic  Itarmg  and  ditlamx  qfFimchaL 
[Bj  Cue  L  Bliddla  Lalituda  trailing.] 

Utitudein 39°  4'N.  Longitude  in 58°13'W 

FunehaPs  latitude 38  38  W.  Funebal'B  longitude 16  54  V/ 

Difference  of  latitude.     6  36 =386  miles.  Diffidence  (tf  longitude  41  16 

60 

lamiles 2478 

With  the  middle  latitude  SIP  51',  or  9P,  as  a  conne,  and  the  difllbrence  of  longltutfa 
M78,  as  a  distance,  we  may  calculate  the  de)iarture;  with  that  and  the  diSerenctt  of 
latitude,  we  con  find  the  distance  and  "nurse,  by  Case  I.  of  Middle  Latitude  BtuUr^ 


DORNAI*  OP  A   VOTAOB 


n. 

K. 

T 

P. 

COWHM. 

m^ 

way. 

Rbmauh  on  Wr<  Tucfii^,  Ar(tP>A29, 1864 

Souih. 

E.aE. 

1 

Theae  S4  houn,  modente,  pleMant  weatbei 

4 

Mer.»llitnde  win's  lower  limb...   55040- 

4 

4 
4 

4 
4 
4 

4 
4 

4 
3 

« 

ajE. 

KhySJS 

li 

55  62      1 

Sabtrut  t 

rom.. 

an  00 

9'e  corroot  deoli 
I^titnde  obaerroc 
Took  ft  louar  oh 

37  48N. 

lervation  by  obserring  the 

distenoe  of  the  moon  from  the  nm.    The 

3 

4 

longitude  at  noon,  cnlculnlod  by  the  fin* 
meSod,  on   page  231,  was   5^  17'  W. 

Noting  the  Ume  by  chronometer  when  the 

diBtanoe  vaa  taken,  and  caloulating  the 

time  by  the  rules   on  page  209  or  210, 

from  tho  obaerTed  altitude  of  the  sun,  the 

be  680  13'  *.  at  noon. 

13 

3 

Variation,  1  point  wwteriy. 

CmrM. 

oif 

De,. 

tMtt^ 

Lat.b, 

Dif. 

L«v. 

Sonth. 

B8 

86 

0 

w. 

37=38 

N. 
37°  48" 

0 

W. 
68°  IW 

W. 

68»  17' 

58"  13' 

TRATEB8E   TABLE. 


Cotir-. 

Duel  N. 

8.  1  E.    W. 

Sooth. 

«  1 

J 

e6.0Diff.Ut. 

Tlw  lee-way  and  nriation  being  allowed  <a 
both  counea,  tbeybecome  south;  the  whole 
diMance  Bailed,  86  miles,  ih,  therefore,  che 
difierenco  of  latitude  by  Bc«ouat,  the  departure 
being  nothing;  consequenily,  the  ship  is  in  tbo 
note  longitude  aa  yeatetday. 


Yerterday^  lathude 39°  4'N, 

Difibrence  of  latitude 86  =    1  26  S. 

latitude  in,  by  dead-reckoning •••••■  37  38  KT. 

The  latitude  by  oSwrration  woa  37°  iS*  N. ;  difiering  IQ  miles  fiom  the 


ToJtndVie  iearwg  and  Jirf—ee  ^FmehaL 


DiCoflatitude..    S  10 


Meridional  peita  3453      Longitude  in 58°13' W. 

Meridional  parta3073     Funchai's  lopgiiude  16  54  W 
Har.diSlai....    380     DiS  of  longitude  ..  41  18 

In  milea 3478 


Hence  the  bearing  la  Aund  to  be  &  81°  17*  EL,  and  the  distance  2046  milea,  b* 
~        '     "*  •   "  —  •  ■'       ime  mav  be  finind  by  Middle  I^titudQ,  wbtoB 

a  latitudes  differ  but  little ;  and  it  is  the  way 


is  Ibe  moat  exact  method  miei: 

tn  wliich  the  calculation  will  be  made  m  the  rest  of  the  JournaL  If  great  accuracy 
wern  required,  we  miEhl  comet  the  middle  latitudes  by  the  numbers  in  page  78 
but  we  have  not  tbou^  it  to  be  neceSNry  in  the  present  JournaL 


FROM  BOSrON  TO  MADEIRA. 


H. 

K. 

F. 

Count*. 

fPtfUb. 

£ee- 

RBHAua  on  board,  Wutnuday.  Mardi  304664- 

» 

Em. 

N.N.  E. 

» 

ThoM  34  houn,  fresh  galea  and  sqiuiUy. 

3 

Handed  the  fora  and  main  eourae^ 

3 
La 

Tto 

;  np,  8.  E.  br  C; 

S 

<rfC8.E.fav9.  Drift,  li 

Up,  S.;  oB,  S.  W.    DrlA, 

5 

W 

11 

13 

and  Mt  the  course*. 

3 

5 

E.I7N. 

a.E.b;8. 

U 

'i 

j( 

a 

» 

3 

3 
3 

5 
5 
5 

5 

At  6  A.  M.,  wt  the  topaailii  cloM-raefed. 

do.          at 

DiidniKht 50° 

3 

Barometer  at  noon 29  00 

10 

S 

S 

do.      at  midnight 2B32 

II 

3 

ui 

3 

VariatHio,  I  point  weM«rf  j. 

OmrM. 

Diit. 

Dtf-. 

D^. 

» 

^'^ 

Dif. 
Long. 

D.  R.   \lMn.Olit. 

"0^. 

M.78»17'E. 

31 

N. 

7 

E. 
30 

N. 
37»E5' 

E. 
0"38' 

W. 

S}'-26' 

TRATCRSS   TABU 

. 

Cwno. 

DiA 

N. 

8, 

E. 

W. 

E.  S.  E. 

South. 

W.  S.  W. 

N.  E.  i  E. 

IS 
6 
6 

33 

S0.3 

4.6 
6.0 
S.3 

11.1 
»*.7 

6J1 

20.3 
12.9 

12.9 

35.8 
5.5 

5.5 

Diff.  Ut.  7.4 

Dep.30.3          1 

Latitude  m 3755N 

Bum  oflatitudea 75  43 

Middle  tatiiuiie 37  51 


Taking  die  middle  poiuta  (nz.  S.  E.  and 
B.  S.  W.)  between  the  poinia  to  which  the 
■hip  eomea  to  and  laila  oS,  as  taught  in  ihe 
rules  of  lying  to,  and  then  allowing,  at  Vie- 
fore,  for  the  variation  and  lea-wsy,  th« 
traverse  table  will  stand  as  adjoined. 

With  the  difference  of  latitude  and 
departure,  tlie  course  is  found  to  be 
N.  76°  17'  E.,  and  the  distance  31  niile& 


With  Ihe  middle  latitude  37°  51'  (or  38°i 
as  a  courae,  anil  the  departure  30.3  used 
as  difference  of  latitude,  we  find  the 
difference  of  longitude  to  be    CaS'E. 

Yenerday'B  longitude 56  13  W 

Longitude  in 57  34  W. 


7V,^nd  Ote  btteing  and  dMmtx  q/*  nmchiL 


Longitude  in 57°34'W 

Funchal'a  hingitude 16  54  W 

Difierence of  latitude    5  17^317mi]ea.        Difference  of  longitude....  40  40 

Inmilea 8440 

With  die  middle  latitude  3?  W.  and  the  difference  of  longinide  3440,  the  depart- 
ore  ia  fbtmd  to  be  1999;  with  that,  and  the  diiferejice  of  latitude  317,  the  bearing  </ 
Fuusbal  ii  fbtrnd  to  be  S.  80°  57j'  E,  and  the  distance  3017  milas. 


JOURHAL  UP  A  VOTAOB 


H.    K.  P.     Covna. 


Remaieb  on  board,  ThvTtdmh  Morth  31,  1664. 
Pleannt  galea  and  fiur  weather. 


Obmned  the  distance  of  the  planet  Tenas 
from  the  moon,  and  found  the  loo^tade  et 
noon  to  be  54o  31'  bj  the  firat  method, 
page  231. 

ObMrved  the  mwnetio  acimnth  of  the  nan, 
and  found,  b;  the  rules  on  pages  16l>-161, 
be  1  pomt  weMerlj. 


Thennometw  at  noon 5&> 

do.  at  midnigbt S4° 

BarODoeter  at  noon 29.3] 

do.     at  Diduight .29.21 

Veriatkni,  I  pomt  weMerij,  per  ■zfanuth. 


640  83-     640  3i(     64"  gy 


The  rariedon  and  left-waj  beins  allowed  on  both  eounea,  it  appeai*  that  the  ^ip 
nas  made  a  due  east  coune ;  the  diatsnce  eailed,  ISI  miles,  is  the  depBrtiire ;  and  the 
difference  of  lon^tude  is  found  by  Coae  II.  of  Panllei  Bailing.  The  latitude  In  ia 
t)ie  Mune  aa  veaterday's  latitude,  3!^  55"  N.  Takiofj  this  aa  a  courae,  and  the  depan- 
ure,  151,  aa  aiflerenee  of  latitude,  the  distance  which  cofre^tonda  ia  the  difference 

of  longitwle,  191  milea =    3°I1'K 

Yeaterday'a  longhude 57  34  W 

Longitude  in 54  83  W 


Tojtnd  the  hearing  and  E&bmee  i^FunthaL 


Longitude  in 54°S3'W. 

Fuuchal'a  longkude 16  54  W 

Difference  of  latitude    5  I7  =  317ingea.        Diflerenee  of  ktigituda....  87  30  W 


Hence^  bj  Caae  1  of  Mid<Ue  Lat]tu<)e  Sailing,  dte  depertuie  in  fimnd  (o  be  ISM 
mile^  Iba  bewing  of  Funcbol  S.  80°  13' tL,  aniT  the  diatanee  181 1  milea. 
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FROM  BOSTON  TO  MADEIELA. 


CbuTM*.     fFiadM. 


8.byW. 
South. 


RuuKKB  on  board,  ^dag,  April  1,  1804 


Freak  galea  and  pleBOant  weather. 
Observed   meridian  altitude   O'b 

lower  limb 57°  0 

Correct  for  Hmidiameter,  dip,  io. .        l! 


..37  SON. 


Latitude  to  be  observed. . 

At  tbe  bod'h  setting,  obeerved  the  bearing!;  of 
its  centre,  and  from  the  rules  on  pages  159 
and  161  the  true  ampfifufewos  calculated 
aud  tbe  Tsrialion  found  to  be  1  point  wes- 
terly. 

nMmnometer  at  noon 

do.  at  midnight .  . 

Barometer  at  noon 30.10 

da      at  midoigbt 30.00 


TRATERSE 

TABLC. 

CMirmt. 

DiM. 

N. 

8. 

E. 

W. 

E.  by  8. 

E./s. 

E.«.E.iE. 

100 
70 
36 

. 

19.5 
6.9 

98.1 
69.7 
33.5 

10.S 

a&4 

10^ 

»l.31>p.| 

DM 

Ut.16.2 

The  counes  being  c(»Tected  for  lee-way 
and  variatiun,  tbe  traverse  t^de  will  be  te 
here  given. 


Hanee  tba  cotine  is  &  85>  3^  K,  diMuw*  WXt  mOaa. 


Latitude  in,  ^yj  account. 


. 16  a 

.  37  39  N. 


I  With  the  middle  latitude  37«4S',  and  the 
I      departure  201.3,  tbe  diiferenceof  lonci 

tudeia  255 —  4M5'E. 

I  Yenerday's  longitude 54  23W. 

Longitude  in  by  account 50    8  W 


^le  ktitade  tqr  obwrvauuii  diflbrs  9  milea  from  the  latitude  by  dead-reckouin^ 
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JOURNAL  OF  A   VOTAGB 


H. 

K. 

F. 

Cowwa. 

WW.. 

W9 

Ruu  us  on  iooni;  Siidtniig^  .^ml  3, 1864. 

1 

2 

6 

5 
5 

E.8.E. 

South. 

1. 

Fr«sh  gales,  with  raia. 

4 

n 

7 

E.8.E. 

aw. 

0 

H 

» 

K 

Saw  a  ihip  to  the  aouthward. 

in 

R 

measunng  the  dixtance  of  the  motm 

1 

5 

from  the  star  PoUux ;  tha  longitude  at 

u 

traa  450  50'W.,by  the  rale  on  page  231. 

« 

4 

S 

fi 

7 

Thermo,  at  noc 
do.      at  mi 

n     ,               690 

dniKht 54° 

y 

10 

5 

5 

Barom.  at  noo 
do.     atmidj 

a.   .                   .29.76 

oiKht. 29.7S 

w 

5 

Count. 

iKit. 

Diff. 
Lai. 

D^. 

tM.hy 
D.R. 

Obt. 

D.R.   1     »•     1  ar«. 

3.79°  SCE. 

203 

8. 
35 

E. 
199 

V. 

E. 
4''9' 

W. 
45»W 

W. 

45°  60* 

W. 

4e»oi' 

TRATXRSE  TABLE. 


Cmtrta. 

Ditt. 

». 

B- 

E. 

W. 

E.  1  S. 
E.  b^  8. 

42 
160 

35i 

41£ 
156.9 

Diff.  Ut  36.3 

196.7  Dep.| 

Latitude  in 36  55  N. 

Bum  of  latitude! 74  25 

Middle  huttuie 37  13 


Willi  the  middle  latitude  37°  VX,  and  tba 
dEperture  198.7,  the  difference  of  loDff 
ifl  found  to  be  249  milea  =    4?   &  K. 

Yeaterday'i  longitude 90     8  W 

Longitudein 45  59  W. 


Tojhd  tlu  htaring  mdiuiimtt  q^I\mchal, 


FunchaTs  latitude... 
Difierenee  of  latitude 

BCiddle  iatitude 

32  38N. 
4  17= 
69  33 
34  46 

Longitudein 45°5&'W 

FuuchaJ's  longitude 16  54  W 

Difference  of  lonintude  39    5 

60 
In  miles 1745 
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FROM   BOSTON   TO   MADEIRA. 


REHAua  an  board,  &n<%,  .Spnl  3,  ISCl. 


Fresh  gales  and  rainy  weather;  latter  pan 

A  gnut  swell  from  the  N.  B^  fi>r  which 
allow  9  miles. 


Obsenred  altitude  E^  lower  limb 

aineon SgPOff 

CorrectrorMmidiameier,&c..add    0  13 


the   reaultiiiK  loDiritude  at  noon  was  41° 
41'  W. 
Obaerved  the  magoetJc  azimuth  of  the  euti, 
as  on  March  31,  and  found  the  variation  to 
be  Ij  point  westerlj. 


'   CAroi 


36"  ISr     X"  17' 


W. 
4"  as     4I0  34'     41"  41' 


W. 
4I°36' 


TRATEBSE    TABU. 


Qmria. 

Diet. 

N. 

8. 

E. 

W. 

e.|s. 

B.B.W.IW. 

aao 

9 

32.3 
7.7 

917.6 

4.6 

Diff.  Ut.  40.0 

217.6 
4.6 

4.6 

S13.0Dep.| 

In  this  day's  work,  the  swell  ia  considered 
as  a  current,  setting  the  ship  9  miles  pet 
day ;  and  since  the  swell  comes  (rom  the 
N.  E.,  it  must  set  the  ship  S.  W.,  and  allow- 
ing the  variation  S.  S.  W.  }  W.  !<  inile^ 
these  are  placed  as  a  courae  and  distance 
in  the  tmverse  table. 

With  the  diHerence  of  latitude  snd  (hjmrt- 
uie,  the  course  is  found  to  be  B.  79°  2?  E., 
and  the  distance  317  miles. 

With  the  middle  latitude  36°  aff,  and  the      Yesterday's  latitude 36°  55"  N. 

departure  313  miles,  the  diffeience  of      Ditfurence  of  latitude 40  S. 

long,  is  found,  SfiSmiles^    4°25'E.       ,    ..^  .    .  '       •m  ik  ta 

YesteW' loi>gi>»«ie 4559  W.     La"t«de  in 36  15  N. 

Longitude  in : 41  34  W. 

Thjbtd  Oa  htaruig  and  diilaiue  tffFkndud. 

Latitudein 3B°17'N.  Longitude  in 4]°.34'W. 

Fnnchal's latitude...  32  38  N.  Funchal's  longitude 16  54  W. 

Difierence  of  latitude     3  39=^819  miles.         Difference  of  longitude 34  40  W 


In  miles  . . 


.  1480 


ThJbutOiit  hearing  and  £danet  ofFunefad  by  Mtrtator'i  C%art, 

HnvinF  pricked  olT  ihe  place  of  the  ihip  al  noun,  lay  a  ruler  from  thai  point  to  Func-hal;  lake  tb« 
nearei^t  (^mance  heiween  ihe^cenlreof  Ibe  cnnipafls  and  ihe  niLei  ^  ihen  ilide  one  foot  of  the  compiusc* 
mloag.  Oie  ed^  ctf  Ibc  ruler,  keeping  llw  oLher  lool  :it  ihp  grenLesl  distance  from  it,  and  ll  will  be  fuuad 
to  mil  neaHf  upon  the  E.  by  8.  line,  irhirh  ia  iherdfaie  ihe  bearing  of  Funcba] :  then  take  in  your  T->in 
puaea  (he  extent  Troni  the  place  ot  \hi  ihip  la  Fi>nrhal,  and  apply  it  lo  tlH  rrsduated  meridian,  yeuin^ 
nw  [bai  M  much  abova  oneplace  as  the  oiher  ii  tiebw  die  oi)ier  place,  and  ihc  extent  wiM  be  fi>ij«t  re 
■MaMin  10^  Jugiaei,  or  ItSO  milM,  wtakb  wa*  tbe  ditiaace  of  Ota  (Iud  Horn  Fincbal.  aeiuij 


JOURNAL  or   A   VOYAGE 


CtmntM.      Wimlt. 


aaE. 

RbyE. 


East 
E.byS. 


Remarkb  on  board,  Monday,  .SprU  4,  11 


1 


First   pnrt,  fi'esh   gates;  latler   part   nwro 

moderate;  a  beavy  sea  running. 
MeridloD  altitude  Q'e  lower  limb  61<3  lO* 
CorreotioD  fur  Mmidituneter,  to..        12 


lenith  diBtanca 28  38  N. 

q's  declinftlioo 5   67  N, 

Latitude  obaerved 34  3511. 

look  a  luoar  observation,  by  observing  the 
diatance  of  tlie  moou  from  the  planet 
Mars,  and  the  longitude  at  noon,  by  rule 
on  page  231,  wos  found  to  be  40^  17'  W. 

Tbeni]Omet«r  at  noon 6(K> 

do.  at  midnight 56° 

BarDmeter  at  noon 29.61 

do.      at  midnight 29.53 

VariadoD,  ]J  poiDt  westerly. 


■Di/. 


'18' 


40f>  l&     40°  17'  I  40°  13* 


TRAVERSE    TABU 

Courtra. 

"eTsTk^je. 
s.  i;.  i  E. 

S.  S.  E.  i  E. 
S.  by  E. 

S.iE. 

DUt 
40 
20 
8 
16 
33 

N. 

S. 

E.     W, 

r.7 

14.ri 

3.4 

I3.G 
13.4 
7.2 
15.7 
32.6 

DifT.  Lat.  B2.4 

63.8  Dpp. 

The  couraea,  being  corrected  for  lee-way 
and  variation,  will  aland  aa  in  tlie  adjoined 
traverse  table. 

Then,  with  tlie  difference  of  latitiicta 
8S.4,  and  the  depiirlure,  tSi.S,  we  find  tbt 
couree  8.37°  45' E.ftndthe(Ustancel04inilea. 


34  55  N. 

With  the  departure,  63.8  miles,  and  the 
middle  latitude,  35°  se*,  we  find  ihediS 
oflongiiude  to  be  78  milea=:    1°  18'  E. 

Yesterday's  longitude 41   34  W. 

Longitude  in 40  Ifi  W. 


Tojbid  0>t  bearittg  and  iHttnnce  iffFunehaL 

Latitiidem 34''35'N. 

Fuiichal'Blatitude...  32  38  N. 
Difference  of  ladiude    1  57  —  1 1' 
Middle  hitiiivle 33  36 


Longitude  in 40°I6'W 

Funchal'B  longitude 16  54  W 

DifferetMteoTloDgitude....  S3  S3 


Id  mika. . 


flen 


.  i4oa 

K  found  to  D 


FROM   BOSTON   TO   MADCiaA. 


n  fcoon^  TuetJai/,  Apni  5,  1864. 


Firm  part  of  tliBse  24  liuiirs,  small  breezes, 
aud  calm  ;  latter  |]uri,  (VubIi  gales. 

Al  4  P.  M.,  got  oui  llit^  boui,  Olid  trif^d  the 
current;  ^iiiid  ii  niriiiiug  E.  I  mile  per 
hour,  aiid  suppute  rlie  itliip  has  beeti  in 
tbia  ciurent  tlieBe  S4  hours. 


Meridian  altitude  ^'s  lower  limb  61°  46' 
CorreciioD  for  seiniiliuuieter,  &c  13 

^8  correct  altitude Gl  58 

gubtrsct  from 00  00 

^B  lanith  distance S6  02  N. 

0*8  declination 6  19  N. 

Observed  lolitude 34  31  N. 


Took  a  lunar  observaiion,  b;  observing  the 
distance  of  tlie  moon  ttom  tlie  planet 
Saturn ;  the  resultinK  loneitode  at  noon 
was  380  13'  W. 

Variation,  Ij  point  westerly. 


Lot.  by 
Obi. 


\°  W     38"  IS"     3eo  17' 


TRAVERSE 

TABLC. 

Cmrtet. 

pist.\  N. 

S. 

E. 

W. 

S.  E.  IE. 

E.  i  S. 
EN-E-iE 

10 
70 
24 

5.8 

6.7 
10.3 

7.4 
23.3 

6.B 

17.0 

53 

99.9  D.p. 

Difl 

L«.11.S 

-. 

In  addition  to  the  courses  soiled,  we  miisl 
also  allow  24  miles  for  tlje  set  of  the  current 
in  the  direction  of  E.,  per  compass,  or 
E.  N.  E.-i|  E.,  true  course. 


Witli  (he  difference  oflaihade  11.2,  and  the  departure  9! 
be  S.83°  36'  E.,  and  the  dinance  nearly  101  miles. 


9,  the  course  is  found  to 


l.«titiide  In,  bj  account 34  24  N. 


With  the  middle  latitude  Si'^,  and  the 
departure  99.9,  we  find  tlie  clifiereiice  ol 
longitude  to  be  121  milee.  .^2°  1'  E. 

Ywtterday's  longitude 40  16  W. 


TbJbutOithtanitgmiddubmetofFmwhaL 


Longitude  in aSPlS^ 

Funchal'a  longitude  ....  16  54  \ 
I  43=]03raile«.  Difierenqa  of  longitude..  21  21 


Hvldle  latitude 33  30  neariy. 


JOURNAL  OP  A   VOTAGl!. 


H. 

1 

a 

K. 

9 
9 

F 

CoUTtU. 

m«dt. 

Z-M- 

RuiAKu  on  ioord,  WciAmi^  ./^>nZ6, 1861. 

E.  S.E. 

Nonh. 

Fine  fresh  gales,  and  clear  wealber. 

Maridianaltiludeffl's  lower  limb  ea'ia' 

4 

5 
6 

7 
6 

» 
9 
9 
9 
9 

Correction  for  di 

12 

O'h  correct  altitnde 62  54      | 

Subtract 
O'eienit 

1  distance 27  06N.I 

10 

9 

13 

9 

' 

ObeerTed  latitad 
Obaerved  tbe  bei 

jiur  of  the  sno'e  centre  at 

» 

Q 

to  be  IJ  pQint  weeterlj',  bj  the  mtea  on 

distauM  of  the  moon  from  the  star  KegD- 

7 

luB ;  tie  ionaitude  at  noon,  deduced  there- 
from,  WM  33"  53-  W. 

10 

fl 

do.            at  midoigbt 580 

iaroraeter  at  noon 29  99 

13 

9 

do.       at  midnight 29.91 

Ctmrat. 

Ditt. 

■S. 

D^. 

^■i? 

■s," 

Kf. 

D.R. 

'aroa. 

E.  |B. 

316 

8. 

¥. 

M. 

N. 

E. 

W. 

W. 

W. 

33 

314 

33°  49' 

33°  ^tf 

4°  IB* 

33=67' 

33°  ST' 

33"  B* 

Tbe  course  corrected  for  variation  la  E.  |  S.,  diatance  S16  miles; 
difieience  of  latitude  is  31.7,  and  the  /ie(iartura  S13.7  milea. 


Uiitudein 33  49  r 

Sum  of  latitudes,  by  obeer. ...  68  09 
Middle  latitude 34  OS 


With  the  middle  latitude  34°  OS*,  and  tua 
detnrture  213.7  miles,  we  find  the 
ditTerence  of  longitude  to  be  358 
miles =    4°18'E. 

Yesterday'a  longitude 38  15  W 

Longitude  in 33  57  W 


TaJbtdOithtaringmddi^anettifFuMthaL 


Punchal'B  latitude ....  88  38  N. 
Difierenee  of  latimde      1  10=71 


Difieranca  of  longitude  17    3  W 


Henea  the  bearing  oT  Fmichal  ia  fbund  U  be  S.  8l 


)'E,aiid  itt  diatanc«  8S9 
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FHOH  BOSTON   TO  HADUIRA 


H. 

K. 

F. 

Cmma 

fftnd* 

ReMARKs  on  iwwi,  TAuwtoif,  .3p-i(  7, 1864. 

I 
S 
3 
4 

10 
10 

10 
10 

E.S.E. 

N.N.W. 

Fresh  galea  and  pleaaant  weather,  with 
a  large  M. 

6 
7 

8 
9 

10 
8 

8 
8 

4 
4 

6 

8.E.hjE.ja. 

North. 

(Xuervtd  the  meridian  altitade  of  the  moon, 
and  the  latitude  at  noon  whs  found  to  be, 
bT  the  rales  on  pages  170  and  ITl,  33° 

11 
12 

1 

8 

8 
B 

5 
5 

ObxTved  the  meridian  altitnde  of  Begulaa ; 
rule  on  page  166,  was  33°  11'  N. 

3 
4 
5 
6 
7 
8 
9 
10 
11 

B 
8 
6 
B 

1 

8 
8 
8 

5 
5 
4 

4 
6 
6 

ObMrTed  the  m 
and  fouDd   t 
gg..  ICO  „ 

ITiBrmo.  at  noo 

do.      at  mid 

do.     at  mid 

agnetio  aiimuth  of  the  Brai. 
e  variation,  per  rules  on 
d  161,  to  be  1  j  point  we»- 

1   63° 

ight. 61» 

aight 30.18 

la 

8 

Varialion,  per  azimuth,  1)  point  weiterly.| 

c 

«... 

JKX. 

m 

J>9. 

Uu.by 
Obi. 

Diff. 
Long. 

D.R.   1 

Chron. 

3.W) 

leacE. 

210 

a. 

3G 

E. 
207 

H. 
33"  13" 

E. 

4"  8" 

290  41V 

W. 

TIU.TEIISC 

TABLZ. 

Cmtom. 

IHtt. 

N. 

a. 

S. 

W. 

E.  i  a. 

E.  by  3. 

60 
150 

5.9 
39.3 

59.7 
H7.1 

Diff.  Lit.  35J^  206.8  Dep.| 

By  the  adjoined  traverae  table,  the  difler^ 
enev  of  latitude  is  35.2,  and  the  departure 
S06J ;  hence,  the  course  Ib  S.  80°  ay  £.,  end 
a03£,  or  SID  milea. 


Yesterday's  latitude 33°48'N. 

Difference  of  latitude 35  S. 

Latitude  in,  by  account 33  13  N. 

Sum  of  latitudas 67    1 

Middle  latitude 33  30 


With  the  middle  latitude  33°  30',  and  the 

departure  S06.8,  we  find  the  difference 

'    oflongitude  348  miles,  or..     4°   8'E. 

Yesterday's  longitude 33  57  W. 

39  49  W. 


Thjbui  Ihe  bttaittg  and  dUUmot  ^FunduA. 


Difference  of  lathuda. ...        35 

Sum  of  latitudes 69  51 

Middle  huitude    33  55 


Longitude  in 39°49  W. 

Funchal's  longhude 16  54  W 

Difi^oee  of  longitude....  13  55 


H«nee  the  bearing  of  Fonofaal  is  fbnnd  tobe&86°55'E,aiulits  distanea  e 


izedbyGoOglC 


JOURNAL   OF  A   VOYAGE 


li. 

r 

K. 

T 

F. 

Co««« 

ff-iwl*. 

■wiJF. 

Rbharkb  on  boonl,  ftirfoy.  -Sprit  8,  1864. 

E.byS.i& 

N.N.E. 

Firet  pert,  fresh  gilea,  and  ctear;   latter 

pan,  niiiy  weather. 

4 

8 

5 

At  6  A.  M.,  the  wiDd  hauled  auddeoly  to  the 

7 

8 

&  E. 

E.N.E. 

i 

8 
8 

ObBerved  the  moridiao  altitnde  of  the  planot 

10 
11 

Saturn,  and,  from  the  rule  on  page  174, 
tbe  latitude  at  aooD  waa  32°  52  N. 

W 

8 

Took  a  lunar  obaervatioD,  by  observing  the 
di«t[uice   of   tbe  moon   from   the   planat 

Mars;  tbe  louzitada  at  dood.  bv  the  method 

on  page  231,  waB  found  to  bo  26°  17-  W. 

fl 

do.     at  midnighb 29-91 

10 

II 

a 

1'2 

5 

Variation,  H  point  westeriy. 

K*i, 

Dif 

D^. 

/-U,fr 

Uubs 

DifF. 

Longitud.U,h,             ! 

L^. 

J)  S 

S.iSl=45'E. 

172 

S. 
18 

E. 
171 

N. 
32°  54' 

E. 

w. 

S6»17' 

W. 

260  ar/ 

TRAVERSE   TABLE. 


•Joursa. 

DiM. 

N. 

8. 

E. 

W. 

Eut. 
S.  E.  bj  E. 

N.E.by  E-JE 

50 
80 
60 

25.7 

44A 

64J 

25.7 

36.7 

170.7  Dep-j 

Difi 

L«.18.7 

The  lee-waj  and  nuiation  being  allowed 
on  tlie  coimes,  they  will  stand  b«  in  the 
adjoined  tmverse  table ;  theti,  with  tlie  dif- 
ference of  latitude  18.7,  and  the  departure 
170.7,  the  course  ia  found  to  be  a  83^  45'  E., 
and  the  distance  173  miles. 


VeMerdny'B  latitude 33^13'N.  |  With  thein1dd)elBtituile33°3',andtl)«oe- 

Difference  of  latitude 19  S.         panura  170.7,  we  lind  the  difll  of  long. 

I       1_  I .1..  onj  _:i_       ioo4'e" 

Latitude  in 32  54  N.  j 

Bum  of  the  latitudes 66 

Middle  latitude 33    3        |  Longitude  in 36  25  W. 


to  be  nearly  a04  milca..=    SP^'K 
Yesterday's  longitude 89  4B  W. 


Tojbtd  tht  bn^Tig  and  (£ 


DifTerence  of  latitude.. 

Hum  oflstitaidei 

Middle  latitude 


Longitudein aff'25'W. 

Funchal's  longitude 16  J4  W 

Difleienee  of  longitude  ...    0  31 

CO 
In  mile* 571 


»TlOM   BOSTON   TO   HAOEIKA. 


Rrm*ri3  on  board,  Satwdta/,  JlprH  'J,  18(>4. 


Fiiie  hree/es,  witli  vnrialile  wentlxr. 
Meridian  altitude  Q's  lower  limb  G4P  40' 

Correction  for  dip,  4c 12 

^'e  correct  altitude 64  52 

Sabtraotfrom 90  00 


Q's  lenitb  distance. . 

O's  declinatioD 

ObMrred  latitude.... 


..25     8N. 


Observed  the  meridian  altjtuda  of  the  planet 
Mara;  and  the  latitude  at  qooo,  bj  the 
rule  on  page  1T4,  was  fooad  to  he  32°  54' 
North.. 

Took  a  lunar  obnervntion,  b;  observing;  the 
dietance,of  the  muon  from  Spica :  the  lon- 
gitude at  DOon,  deduced  tDertfrom,  was 
22=  iW  W. 

Tharraomater  at  noon 64° 

do.  at  midnight 61° 

Barometer  at  noon 29.85 

do.      at  midnight 29.80 

VoriaiioD,  1|  poiut  westerly. 


Lat.ty 

Ob*. 


N.89<'12'E.    ZIO 


aa"  15-   as°nv   29°  n- 


TKATEBSK    TABLC. 


CawM>,    Ditt. 

N. 

S. 

E.   IW. 

E.  4  3.      ISO 
E.  i  N.        90 

B.8 

6.9 

S9!6l 

Diff.  Lat. 

6.8 
6.9 
2.9 

5.9 

209iDep. 

Th«  Tiuiation  being  allowed  on  the  coureei^ 
diev  will  atanil  as  in  rhe  adjoined  taMe;  then, 
with  the  difference  of  latitude  3.9,  and  th« 
depanure  S09.S,  the  roiiise  is  found  to  be 
.,    ™  .~   ^  '     ■        ■■  -  il«V 


Latitude  b;  account . 


With  the  mMdIe  latitude  33°  55',  and  tbs 
departure  809^,  the  rliffererce  of  longi. 
tude  is  found  SSO  miles...  =  4°  10'  El 

Yesterday's  longitude 2fl  25W, 

Longitude  iD      22  13W. 


Ttjbtd  (he  htariHg  tmd  tStltmet  qfFuadtaL 


DifTbrcnce  of  laAude   18 

earn  of  latitudes 65  94 

Middle  btitude 39  47 


Longitude  in 

Funcliol's  longitude  . . . . 
Difibrenee  of  longitude . . 


In  mlleB. 321 

Henc«  the  bearing  of  Funchal  ii  Annul  to  be  B.  W  11'  E,  and  its  ^stance  97f 


JOURNAL  OF  A  VOTAGE  FROM  BOSTON  TO  MADEIRA. 
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~9 
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9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
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F. 

CovntB. 

Wmd*. 

Ltt. 

Rbharu  on  board,  Sttnday,  Jiprd  10,  18C4. 

aE.byE. 

a  aw. 

A)l  thia  do;,  fine  br«ezei,  with  very  cImt 
freuher. 

tbyais. 

At  10  A.  M,  made  the  Innd ;  the  southern 
part   of   Madeira   bearing   par   oompiwi 
£.  bj  S.  i  S.,  dut&Dt  19  leagues. 

Obeerred  the  dial 
star  FomalbM 
was  17"  15' W 

Thermometer  at 
do,          at 

Barometer  at  do< 
do.     at  mi 

ADce  of  the  moon  from  the 
noon.     ..            .         eS' 

midnight 63° 

n...^ 29.94 

Inight 29.90 

Variation,  1]  pt^  WMterir.                            | 

Count. 

Dial. 

■S. 

D^. 

D.R. 

Lai  by 
Ob, 

Diff. 

D.R.\     I  * 

S™.. 

S-SS'ST'E. 

256 

B. 
27 

E. 
255 

N. 

32=  a* 

E. 
BOS' 

17°  ia- '  17"  15' 

TBATERSS  TABLZ. 

COUTM. 

DiK 

N. 

S. 

E. 

W. 

E.8.  E.iE. 
Eut. 
East. 

m 

90 
57 

27.0 

107.7 

90.0 
67.0 

Diff.  Lit  27.0 

254.7  Dep-I 

In  die  traveree  table  are  ptaceo  tie  bearing 
and  diMance  of  the  land  at  10  A.  M.,  (afler 
allowing  the  variation.)  Hence  the  whole 
difitrence  of  tetitude  ia  27  miles,  the  depart- 
ure 254.7,  tlie  couree  8.  83°  57'  E^  and  the 
distance  256  miles 


Yemerday^ latitude Sa^SffN. 

IriAerence  of  latitude 27  S. 

Latitude  bj  account 33  29  N. 

Slim  of  iHtiludes 65  25 

Middle  latitude 33  42 


With  the  middle  latitude  32°  43',  and  the 
dcpBiture  254.7,  tlie  difi:  of  lon^tiide 
ia  fiMind  to  be  303  mile»=    5°  3'  E. 

Yesterday's  longitude 58  15  W. 

Longitude  ofapartof Madeira  17  12  W 


Therefore  the  latitude  oT  the  aoiithem  point  of  Madeira,  I^  account,  is  33°  S^*  N- 
knd  its  longitude  17°  12*  W,  These  valuea  differ  hut  little  Avm  those  in  the  Tebie  of 
Latitudes  and  Longitudes ;  we  may,  therefbre,  conclude  that  the  Journal  b  neariy 
Burrect,  and  the  latitude  and  longitude  of  that  port  of  Madeira  well  laid  down. 


MonAiy,,^rS  II,  1896.— Pleasant  fniles  and  Air 
r  Fiuichal.    At  6  P.  M.,  went  on  shore. 


jv  Google 


AH  ABerRACT  OF  THK  POREOOINO  JOURNAL. 
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In  pi<epftring  an  abstract  of  the  Log,  the  following  aymbolg  and  abbievlk 
liona  are  proposed-  Those  denoting  the  force  of  the  wind  and  ihe  stale  oftht 
weatlter,  were  suggested  by  Captain  Beaufort,  R.  N.,  and  are  used  by  manv 
navigators. 

altitnde  of  the  >aa. 
do.  moim. 

do. 


©     Lntitade  bjr 
»         «. 

^        do. 

O0  >  >  *^     Lstitude  bj  double  alliludea 
L.  C.     Longitude  by  Chronometer. 
L.  D.    Lonfritude  by  Dead  reckoning. 
1.  D,     Idiitude  by  Dead  rBckoDing. 
O  <    >  H^      Longitode  by  Lunar  DUervBtioaa. 


MM 

TemiMnLtnn  la  daplh. 

Figures  to  denote  tkeforca  of  the  mnd. 

IJghtElf. 

Ship  huMeerag.  way. 

Light  breeio. 

or  that  in  which  a  well-conditioned  C     1  to  3  kiMto. 

Gentle  breiae, 

Moderale  breoie, 

ter  and  clean  full,                              t    5  "  G    " 

Frf  ah  brecie, 

■ 

l-Royala. 

»itrong  brccie, 

Tup-gallant  wil>  over  linf^  reeb 

HndciBte  c«le. 

Fre.h  gale, 

Strong  gale, 

. 

I  Cloee-reefed  topgails  and  conmo. 

Whoi;  kle, 

under       Cloee-rcered  main.topaail  and  roofed  foreaiL 

Sloim, 

"             Storm  atay-Baila. 

Hurricane, 

■■           Bare  potea 

Letters  to  denote  the  state  of  the  weather. 

b.  Blue  sky  ;  whether  with  clear  or  haiy  atniDi{Aera. 

C.  Cloudy  ;  but  detached  opening  ctoudi. 

d.  Driztlmg  rain. 

f.  Foggy — F,  thick  fog. 

g.  Gloomy,  dark  ivealher. 
b.  Hail. 

1.  Lightning. 

m.  Misty,  hazy  atmoaphere. 

o.'  Overcaet ;  the  whole  aky  b^ng  coTered  with  a 

p.  Pasiing  temporary  ibowera. 

q.  Squally. 

r.  Ratni  eontinoed  min. 


if  distant  objocu  whether  the  sky  be  cloQdy  or  nat. 
Under  any  latter,  in^eatea  an  extraordinary  degree. 
ry  pheniNiMna  of  the  wenther  may  be  eauly  recorded  by  the 


.    Gloomy,  dark  weather,  but  distant  o' 


ized  by  Google 


1-0  FIND  T9B   LONOrrUDB  BY  A   CHHONOUBl'BK. 
[Continiud  front  imui*  US.] 


EXAMPLE  X. 

8uww»  B  veoBe]  in  a  port  in  wMt  longitude  on  the  6th  of  June,  183ft,  findt  the  daily 
rate  of  the  chrraiometer  to  be  -|-  5*,  snd  after  iteerine  weat,  in  18  days  arrival  nn  the 
24di  of  June  in  port,  and  finds  by  obaervMion  that  Uie  d&ily  rate  ia-\-8'.  !leqaiH>d 
ibe  correction  of  the  observed  longitude  on  the  16th  of  June. 

ThAflaily  rate  at  the/nf  port  ia 5*        * 

The  daily  nte  at  the  leamd  port  ia 8* 

Sum B 

Mean  daily  rate >J 

Let  the  di^ience  of  longitade  between  the  two  place*  by  the  ttnT 

daUyrate  be ^SCSffOCt 

And  by  the  mean  daily  rate 38  43  IS 

Difierence  ia  the  correction  ot'  the  longitude  of  the  geeand  part  for  16 
daja,  and  is  taaUrhf 6  45 

Log.  of  theeorrKtion  of  the  fuonrf  Dort,  6' 45"'- 405" 9:60746 

Log.  of  18  daya  by  Table  A.  IT.  CO. 7.76700 

CoDatant  Log 1037446 

Log.ofl3dayH(lhim6thto  18th  of  June)  by  Table  A. 1.89a0!l 

Log.  of  COTTBCtion,  184".7  — 3'4"  7 8^86658 


Tliia  correction,  it  is  evident,  gives  the  place  of  observatim  on  the  I6tfa  nuwe  tost 
eiiy,  because  the  accond  place  of  observation  ia  to  the  eastward  of  the  position  given 
by  lite  daily  mte  \\t  the  port  of  departure. 

Having  the  eontlont  logwrilhn  as  above,  the  corrections  for  the  other  days  are  readily 
fotrnd,  by  substituting  for  the  log.  of  13  days  the  log.  firoro  Table  A.  of  the  days  elapsed 
nnce  the  rate  was  first  ascertained. 

This  method,  by  Roasel,  is  found  in  the  3d  voL  of  Biot  Astrononiie  Phyaiqae.  Th« 
IngariDuns  are  used  in  the  same  manner  as  propoeed  by  Galbraith. 
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TABLE  I.                                            [P-»i 
N-iE.                   N.iW.                   S-iE.                    SIW. 

Dui.   Lm. 

Dep. 

aa. 

LaL. 

5'. 

03. 0 
nl.i 
o3.i 

03.3 

o3.j 
o3.3 
o3.3 
o3.4 
a3.4 

Pi« 

L.. 

Dep. 

Dill. 

L«. 

D.p. 

Dim. 

Lai. 

Dep. 
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5 
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B 
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341 
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341.7 
343.7 
1437 
144.7 
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P»»»>1                                             TABLE  1. 

Diflerence  of  Latitude  and  Dopartnre  Tor  ^  Point. 
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i^ 
81 

i 

6 
6 
5 
4 

35.1 

35.5 
35.0 
36i 
36.8 

38.5 

t4i 
41 

43 
44 
45 
46 
47 
48 

;:i 

i3[ 

\ll 

i33 

i34 
.35 

5 

4 

3 

7 

6 

60.7 
6.. I 
6.  .6 
63.0 
63.4 
63.9 
63.3 
63.7 
64.1 

o3 
04 
o5 
06 

09 

i8j 
i83 
184 
i85 
186 
187 
188 
188 
189 

6 
5 
4 
3 

l 

85.9 
86.4 
86.8 
87.3 
87.6 
88,. 
88.5 
88.9 
89,4 

61 
63 
64 
65 
66 

S 
69 

135.9 

336.6 
337.7 
338.7 
339.6 
346.5 
341.4 
34  J.  3 
343.3 
344.. 

..3^4 

115:1 
..3.7 

.14.3 

.i4£ 
1.5.0 
..5.4 

33 

% 

36 

39 

4o 

38 

32 
3i 

3i 
33 
34 
35 
3fi 

5 

4 
8 

91 

1 

99 

83 
84 
85 
85 
86 
87 

89 
V> 

i 

6 
5 
4 

38-9 
39.3 

4o.i 
40.6 
41.0 
41.5 

i,t 

43,8 

5i 
53 

54 
55 
56 
57 
58 

iJti 

;s 

.39 

.40 

i4i 

i4i 

'^l 
143 
i44 

5 
4 
3 

I 
I 

64.(> 
65.0 
65^ 
65.8 
66.3 

67.6 

6B.O 
68.4 

i3 
i4 
.5 
.6 

18 
'9 

i9-> 

191 

■1 

.95 
196 

is 

I 

5 
5 
4 
3 

9 

90,3 
90.6 

l.i 

91.9 
93,4 
93,8 
93.3 
93.6 

94,1 

'i 

74 
75 
76 

V. 

345.0 
145.9 
346.6 
347.7 

349-5 
355.4 
351.3 

351.3 
353.1 

ll^:S 

..6.7 

11 76 
.18.0 
..84 

;;?:! 

119.7 

41 
4a 
43 
44 
45 
46 
47 

48 

37 
38 
38 
39 
4t> 
41 
4i 
43 
44 
45 

5 
4 

5 
4 

o3 
04 
o5 
06 

08 
09 

9' 

1 

IS 

99 

i 

6 
5 
4 

4i.3 

43,6 
44.0 
44.5 

as 

45.7 

4fi.> 
46.6 
47.0 

63 
63 
64 
65 
66 
67 
68 
69 
70 

.45 
.46 

\il 

;g 

i5[ 
i5[ 

l53 

i53 

4 
4 
3 

I 

69.7 

70^5 
71.0 

73.3 

33 

34 

35 

36 
38 

1^ 

'99 

3o3 

3o4 
305 
306 

8 

I 
5 

4 

3 
9 

94,5 

96,6 

18  r 
83 
83 

1^ 

86 
87 
88 
89 
90 

354.0 
354.9 

155.8 
356.7 
357.fi 
i58.b 
359.4 
360.3 
a6i.3 
361.3 

iio£ 

iji;! 

.33!l 

133.6 
134.0 

si 
53 

S4 
55 

58 

46 
47 

47 

48 

£ 

5i 

52 

53 
54 

i 

8 
5 

1 

i3 

i5 
16 

Is 

'9 

i<i3 
io4 

104 

.o5 
[06 

108 

i 

6 
5 

47.!> 
48.7 

& 

5o,o 
5o.5 

73 
74 

75 
78 

5^ 

i54 
r55 
i56 

IS 
■1' 

160 
16] 
163 

5 
4 
3 

t 

73^5 
74.0 
74.4 
74.8 
75.3 

t', 

76.5 

33 

33 
14 
J5 
36 

1 

JOB 

309 

3l3 
3.4 
3.5 
3.6 

6 
5 
4 
3 

99.3 
996 

loois 
1 03 .6 

391 

1 

?s 

363.1 

364. 0 
364.9 
365.8 
366.7 
367.6 
168.5 

SI 

134.4 

.34.8 
.3  5.3 
.35.7 
.36.. 
.36.6 
.37,0 

ill 

Diit. 

l>ep.|  Lbi. 

Disi 

Dep. 

Lac 

Dep. 

La.. 

Dill 

Dep. 

Lit 

nisi 

D^P.      L.t.  1 
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Difference  of  Latitude  and  Departure  for  2^  Points. 
N.N.EiE.                 N-N.W-iW.                 S.B.E-iE.                 B.S.W.iW. 

Dist 

Ul 

Deo. 

Di.1 

Lu. 

Dap 

Di,. 

Lu. 

D,,. 

Di,1 

Lai. 

Dep. 

853 
85.8 
86.3 
86,7 
87.a 
87.7 
68.a 
88  J) 
89.1 
89.6 

DUU 

LU.  t   Dq..  1 

3 

i 
5 
6 

8 
9 

03. 6 
..3.5 
"4.4 
q5.3 
06. a 

i;i 

aa.8 
o3.3 
o3.B 
04.1 
04.7 

6a 
63 
64 
65 
66 

S 
69 

70 

54   7 

55.0 
56.4 
57.3 
58.3 

39.3 
39.7 
30,a 
3o.6 
3l.1 
3.  .6 

33,1 

33.5 
33.0 

a3 
14 
a5 

36 

.06.7 

109.4 

1(4.6 

58.5 
58.9 
594 

60.8 
61.3 

83 
84 
85 
86 

1^ 
89 
9" 

161 
163 

i63 
i64 

fd 

166 
167 

0 

'4i 
43 
43 
44 
45 
46 
47 

48 

aSi 

53 
54 
55 
56 
57 
58 

afii 
6a 
63 
64 
65 
66 
67 
68 
69 

313.5 
3l3.i 

ai4  3 

315.1 

ai6  1 

317!8 

118.7 

331.4 

"3!? 

134 .0 

114.9 
315.8 
ai6.7 
ai7.5 
118.4 
"9-3 

33. !> 
a3..9 
a3a.6 
a33.7 
334.6 
335.5 
336.4 
a37.a 
a38,i 

113.6 

11 4.1 
114.5 
1.5.0 
1.5.5 
it6j3 
..64 

"'1 

118.3 
ir8.8 
,.9.3 
1.9.7 

uile 
111. I 
111.6 

I13.0 
.13.5 
ii4ii 

1144 

•Mi 

1 16.8 
117.3 

I3 
[4 
[5 
16 

18 
'9 

11.5 
ia.3 
i3.a 

i4.i 
i5.o 

\h 

17-.6 

o5.7 
06.1 
06.6 
07,1 

08.5 

It 

76 
78 

CJ.5 
64.4 
65.3 
66.1 
67.0 
67.9 
68. 8 
69.7 
70.6 

33.9 
34.4 
34.9 
35^ 
35.8 
36.3 
36.8 

IK 

i3i 
3a 

33 
34 
35 
36 
37 
38 

u5.5 

1 16.4 

119. 1 
119.9 

iaa!6 
ia3.i 

61.8 
61.3 
6a.7 
63.a 
63.6 
64.1 
64.6 
65.1 
65.5 
66.0 

191 

9' 

t 
P 

99 

■68 
169 
170 

173 
174 
■  75 
176 

90.0 
90.5 

91.0 
9.  .5 
9' -9 
9M 

& 
94.3 

3,1 

34 

.8.5 

34.7 

35.6 

36.5 

;2:S 

[0.8 
II. 3 
ri.8 
11.3 

\\x 

l3.7 
.4.r 

14.6 
i5,. 
i5.6 
16.0 

%X 

!7-4 

\n 

iB.q 

81 

Ba 
83 
84 
65 
86 
87 

% 

71-4 

f 

76.7 
77.6 
78.5 
79-4 

38.3 
38.7 

%k 

4o.i 
40.5 
41.0 
41.5 
4aJi 
ii4 

i4i 

4a 
43 
44 
45 
46 
47 
48 

t 

ia4.4 

135.1 
136.1 

137.0 

\%-% 

139.6 

[3^.5 
1.I1 .4 
i3a.3 

S3 

68.8 
69.3 

04 

o5 
06 

09 

178 
■79 

'P 
iSo 
18, 
18a 
i83 
184 
i85 

94.8 
95. a 
95.7 
96.3 
96,6 
97.1 
97.6 
98.. 

99,0 

3a 
33 
34 
35 
30 

S 

39 
4" 
41 

41 
43 
44 
45 
46 
47 
46 

38!  3 

3a  .0 
33.5 
34.4 
35.3 

9. 

1 

?! 

99 

81.1 

83  is 
84.7 
85.5 
86.4 

43.9 
43.4 
43.8 
44.3 
44.S 
45.3 

46.3 

46.7 
47.1 

i5i 
5a 
53 
54 
55 
56 
57 

1 

134.1 
.34.9 
,35.5 
.36.7 

;S:f 
.39.3 

i4o.a 
i4i.i 

71  .a 

;3.5 
74.0 
74.5 

75X) 
75.4 

i3 

14 
i5 
[6 

18 
19 

187 
187 

189 
'9° 
191 

1 93 
194 

3 

6 
5 

4 
3 

99.5 
999 

KX>4 
1D1,8 

,oa.3 

i03.8 

io3.» 
m3.7 

73 

74 

78 
It 

83 
84 
85 
86 
87 
88 
89 
90 

id 

a4a.5 
a43.4 
344.3 
145.1 

a4b':9 
1,4^8" 
348.7 
349.6 

a5i!3 

353.1 

153.1 
a54.o 

3  55.1 

118.7 

119.1 

:£? 

i3o.6 
i3i.o 
.3.. 5 

SS 
;I3 
;Si 
■Mi 

.36.1 

.36.7 

37.0 

tl 

41.5 
43.3 
43.1 
44.1 

19.3 

i3.i 

a3.6 

o3 

o5 
06 

d8 

°9 

e,., 
90,0 
90.8 

9JT 
94.4 

47.6 
48.1 
48.6 

%% 

5o.o 
50.4 
50-9 
5i.4 
5r.9 

63 
63 

64 
65 
66 
67 
68 
69 

i4a.o 
143.9 
.43.6 
144.6 
r45.5 
■46.4 
147-3 
.48.  a 
149-0 
149.9 

75.9 
76-4 
76.8 
77-3 
77-8 
78,3 
78,7 
79-a 

a3 
a4 

35 

>6 

37 

i 

194 
196 

.99 

I 

6 

ir.4.a 

;::S 

.o5.6 
106-5 

53 

54 
55 
56 
57 
5B 

J 

rstt 

45 
45 
46 
4? 

I 

5i 

53 

5a 

9 

a4.o 
a4.5 

35, f 

35.5 

Si 

i3 

14 
i5 
■6 

;^ 

'9 
30 

pi 

im.4 
ir.a.3 
io3.a 
104. 1 

53.3 
5a.8 
53.3 

a; 

55.6 
56.1 
56.6 

71 
73 
74 
75 
76 

78 

,5o.8 
l5l.7 
153.6 
i53.5 
.54.3 
i55.i 
i56.T 

,S!,7 

80,6 
8i,i 

8i.6 
8a.o 

e3'o 
83.4 
83.9 
844 
84.9 

i3, 
3= 
33 
34 
35 
36 
37 
38 
39 
4o 

io3 
104 
ao5 
106 

308 

309 

ao9 

I 

108.9 

110.3 
110.8 

1,3!. 

J91 
9a 
93 

H 

'4 

=  57.5 
358.4 

a6o.a 
a6i.o 
a6..9 

361.6 

>63.7 
a64.6 

I38.I 
138.6 

'& 
.40  5 

•.f.i 

l>.p. 

l.„l. 

Di.1.     D.p. 

I.«i. 

Di.t.1    Dcp. 

I.«i. 

n;<i. 

[>p. 

I.Bt. 

riiiE, 

t>ep. 

L.,. 
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IK... 

Lu. 

D.p. 

DUi 

L«L 

Dep. 

Dill 

L.i. 

Dep. 

DUl. 

L.L    '  D.p. 

Disi, 

Lfli. 

Uep. 

o3 
04 
a5 
06 
06 

3 

9 

I 

4 

3 

9 

I 

o3 
04 
o4 
o5 
■55 
06 
06 

i 

08 
09 
09 

I 

bi 
61 
63 
64 

65 
66 

67 
68 
69 

53 
54 
54 
55 
56 
57 
58 

3 

i 

6 
5 
3 

33.9 

Si 
t2 

>3 

34 

j5 
a6 

104 
106 

108 
.09 

1 

5 
4 

I 
6 

5 

63,3 
63.7 

63.3 
63.7 
64.3 
64.8 
65.3 
65.8 
66.3 
66,8 

181 
8a 
83 

84 
85 
86 
87 
88 
89 
90 

i55 

i56 
.57 
i5t 
i58 

;g 

16. 
161 

i63 

93.1 
93.6 
94.1 

95  6 

97-3 

97.7 

341 

il 

44 
45 
46 
47 
48 

306.7 
307.6 
308.4 
309.3 

3i3!6 

314,4 

133,9 

'344 
134,9 
.354 
136,0 
136.5 

137^5 

138.0 

.38.5 

09 

i3 
14 
i5 
r6 

3 

9 
6 
3 

71 
73 
74 
^5 
76 

78 

61 

63 

63 
64 
65 
66 
66 

t 
6 

5 

3 

I 

6 

3t).i 
37.0 
37.5 
38.0 
38.6 

4o.6 
4>.r 

4r:6 

41.1 
43.7 
43.1 
43.7 
44.1 
44.7 
45.3 
45.8 
46.3 

■  Ji 

33 

33 

34 
35 

36 

Al- 

4a 
43 
44 
45 
46 
47 

48 

S 

ii3 
114 
>i4 
ii5 

116 

Ii8 

119 

4 

i 

5 

4 

67.J 
67.9 
68,4 
68.9 

69,9 
704 

^:l 

73,0 

191 

96 
97 
98 
99 

o3 

06 

oS 
09 

i3 
i4 
i5 
16 

18 
'9 

i64 
i65 

166 
167 
168 

1 

98,3 
98-7 
993 

100,8 

101,3 

JOJJ 

103 ,8 

3bl 
53 

53 
54 
55 
56 
57 
58 

3l6!l 

317.0 

3.9,6 

330.4 
331.3 

333  !o 

.39,0 
,39.6 

i3o.i 
i3o.G 
.3.,. 
i3i.6 

l33.I 

i33.6 
■  33,3 
133,7 

16 

■  H 
18 
'9 

i3 
j4 
14 

i5 

9 

I 

4 
3 

9 

i3 
.3 
■  4 
14 

i5 

B 

83 
83 
84 
85 
86 
87 

^ 
90 

69 

■73 
74 
75 
76 
77 

b 
3 

i 

6 
5 
3 

"3 

134 

ii5 

136 
136 

137 

138 

I 
5 

4 

i 

73,5 
73,0 
73,5 
74.0 
74.5 
75,  r 
75,6 
76,1 
76.6 

174 
■75 
175 
176 

I78 

iBs 
.83 
184 
1 85 
18O 
,87 
.87 
iB3 

io3,3 
io3  8 
1044 
104.9 
105  4 

1^.4 

lo7^ 
108,.. 
7S83 

ill 

I  Io,5 
111,6 

II3£ 

m3,i 

361 
6a 
63 
64 
65 
66 
67 

69 

333,9 
334,7 
335.6 
336.4 
337.3 
338.3 
339.0 

33 1.6 

i34,3 
.34,7 
.35.3 

;t; 

136.8 
.37  J 
.37.8 
138.3 
I3S.B 

3a 
33 
34 
35 
36 

3-7 

38 

i 

18 

S 

3o 
3i 
3i 
33 
34 

4 
3 

9 

6 
5 
3 

.5 

16 

18 

•9 
'9 

9' 

i 

9^ 

99 

78 
78 

8] 
Si 
83 
84 
84 
85 

i 

6 

5 
3 

46.8 
47-3 
47.8 
48.3 
48.8 
49.4 

5a 
53 

li 

56 
57 
58 

i3i 

l33 
|33 

i33 
i34 

i35 
i36 
"37 

4 

5 
4 

78,1 
78,7 
79.3 
79-7 
80,3 
8^.7 

8^7 
83,3 

73 

i 

It 

333.4 
333.3 

334.3 

335.0 
335.9 

337]6 
338,4 
339.3 
340.3 

.39.3 

.3;.8 

i4o4 

■.f.i 

::::2 

1439 
,434 

41 

47 
43 

44 
45 

46 
47 
48 

36 

36 
3t 
38 

i 

4i 
4= 
43 

9 

(. 
5 
3 

a3 
a3 
34 
34 
95 

a5 

o3 

% 

06 

08 
09 

87 
88 
89 
90 
90 
91 

^ 

94 

5 
3 

I 

6 
5 
4 

53.0 

53.5 
54.0 
54.5 
55,0 
55.5 
56.0 
56-6 

6a 
63 
64 

65 
66 
67 
68 
69 

■I 

i4i 
I4a 
143 
144 
i45 
i45 

s 

5 
4 

8 

83,8 
83.3 
83.8 
84,3 

65-2 
85.9 
864 
86.9 
87.4 

33 

34 

35 

36 

38 

To 

.89 
■9" 
191 

1 

196 

ii4,i 
114.6 

ll5,3 

.16,7 

1; 
83 
84 
85 
86 
87 
88 
89 
90 

341,0 
ail. 9 

343:6 
344.5 
345.3 
>46.3 
347,1, 

348.7 

144,5 

I4S.O 
i45,5 
.46," 
146,5 
147,0 
.47,5 
148,1 
.48.6 
.49,. 

Si 
53 
54 
SS 
56 
57 
58 

43 
44 
45 

1 

48 
5i 

6 
5 

3 

9 

6 
5 

=6 
36 

38 

38 

19 
3o 

i3 

1^ 

.6 

18 
'9 

99 

6 
5 
4 

9 

57.. 
57.6 
58.1 
58.6 

!■• 

60.3 

61.7 

73 

i 

78 

-46 
l47 
i4B 
149 
i5o 
i5> 
.5. 

l53 

i53 
i54 

5 
4 

8 

5 

4 

ll-'4 
1',% 

a3r 

33 

33 
34 
35 
36 

U 

39 
4o 

■98 
199 

3^ 

304 
305 
305 

9 

n9.3 
Wtl 

I30.8 
131,3 
131,8 
1334 

"33 

391 

t 

349,6 
35i.5 
35.. 3 

353.3 

353,0 
353.9 
354.7 

355.6 
356.5 
357,3 

.49.6 

i5o!6 
.51.1 

■53.7 
i54.9 

•>«.!  fcp. 

L.L 

Di«. 

Dop. 

L>i. 

Dill 

D^p. 
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Dili 

Dep. 
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D*p, 

Uu. 
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Dift.|  Lbi. 

D=p. 

Ditl. 
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Dq.. 

D»t. 

L.t.  1  Dep, 
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L«t. 

Dep. 

Dill. 

Uu 

Dep. 
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i 
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S 

9 

o3 

o4 
i.5 
r.5 
o6 

a 

o3 
a3 

o4 
o5 
o5 

6 

6 
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TABLE  I.                                           "f^" 
Diffetence  of  Latitude  and  Departure  Sar  3J  PointB. 
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^"1                                               TABLE  I. 
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TABLE  II.                                         IP^  17 
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357.0 
358. 0 
359.0 
360.0 

o4 
o4 
04 
04 
04 
04 

o4 
M 
04 

33 

a4 
ah 

38 

11 

>4 
i5 

36 

; 

00.4 

00.4 

0O.4 

00.4 

0O.4 
0U.5 
0U.5 
<-,.5 
O0.5 
0O.5 

81 
H3 

S^ 

86 

B9 

81 

83 
84 
H5 
86 
87 
b8 
89 
9" 

° 

:; 

6 
6 

i4i 
43 
43 
44 
45 
46 
47 
48 

g 

141 

■43 

.43 

■  44 

\ii 

I 

o3 

"4 
..5 
06 
07 
oB 
09 

303 
3.^ 
3o5 
306 

309 

0 

o3.5 
o3.5 
o3.5 
o3.6 
o3.6 
o3.6 
o3.6 
o3.6 
o3.6 
o3.7 

361 

63 

63 
64 

65 
66 
67 

69 

70 

36i.O 
363.0 

363.0 
364.0 

365. 0 
366.0 
367.0 
368.0 
369,0 
370.0 

o4 
04 
04 
04 
04 
04 
04 

a) 

33 

33 

36 
3? 
38 
39 

3i 

J5 

33 

w 

35 

36 
37 
38 

o 

00.6 

0O.6 
W..6 

00.6 

00.6 
0O-6 
™-' 
0O.7 

91 

i 

96 

99 

91 

t 

99 

I 

i 

6 
6 
6 
6 

7 

■  5t 

53 

53 
54 
55 
56 

57 
58 

.5, 
1 53 

i53 
i54 
r55 
i56 

1 57 

1 58 

I 

03? 

i3 
.4 
.5 
t6 

■  8 

19 

V,3 

3l4 
3i5 
3l6 

118 
3.9 

0 

o3.7 
o3.7 
o3.7 
o3.7 
o3.8 
o3.8 
o3.8 
o3.8 
o3.8 
o3.8 

73 

i 

78 

373.0 
373.0 
374.0 
375.0 
376.0 

378:0 
379.0 
380.0 

04 

Oi 

W 
o4 
o4 
04 
04 
04 
."£ 
04 
o4 
04 
o5 

o5 
o5 
o5 
o5 

^ 
o5 
o5 
o5 
o5 

^ 
o5 
o5 

i 

4i 

4i 
43 
44 
45 

46 

48 

g 

41 
4i 
43 
44 
45 
46 

47 

t 

^ 

oo.B 

00.8 

O0.8 
oo.B 
oo.B 
00.9 
00.9 

o3 
o4 
o5 
06 

"9 

io3 
loj 
io5 
ii« 

.09 

9 

°; 

B 
6 
8 

8 
8 
9 
9 
9 
9 

.61 
63 
63 
64 
65 
66 

69 

161 
.63 

.63 
164 
i65 
.66 
167 
168 
.69 

0I03.8 

0  01.9 
0  03.9 
0103-9 
QI03.9 
(,  03.9 

:tl:t 

11 

34 

35 

36 
38 

"3 

134 

335 

336 

337 
318 

339 

i3o 

I 

03.9 
03.9 
03.9 
^■9 

04.0 
04.0 
04.0 
04.0 

83 

83 
84 
85 
86 
87 

89 
_9o 
391 

1 

383  ^o 
383.0 
384.0 
jBi.o 
366.0 
3B7.0 
3S8.0 
3S9.0 
390^ 

391  .D 
393.0 

g 

5^ 
53 
54 
55 
56 

57 

58 

55 

53 
54 
55 
56 
57 
58 

° 

00-9 
00.9 
00.9 

[3 
i4 
i5 
r6 

i' 

ii3 

■  i5 
116 

lis 

'■9 

; 

0' 

9 

'71 

;? 

74 
75 
tC 

78 

171 
1 73 

174 

175 

176 

178 

0   o3.o 
0  o3.o 
0   o3.o 
0    o3.o 

±1:; 

o!o3.L 

0|03.L 

0  U3.1 
olo3.i 

33. 
33 

33 

34 
35 
36 
37 
38 
39 

3J1 

333 

333 
334 
335 
336 
337 
338 
339 
340 

I 

04.0 
04.0 
04.1 
04.1 
04. 1 
04.1 
o4.i 
04.1 
04.3 
04.3 

Lu. 

Dm.    Dep.  1  Lai. 

Kti 

l)«p. 

Ui. 

Diii< 

D.-P,  1  Lni, 

DUi. 

De 

Rsi 

Dtp. 

L..| 

[For  69  Oegreei.      | 

tf  18]                                          TABLE  II. 

Diffetence  of  Latitude  uid  Departure  for  2  Degrees. 

3 

4 
•i 
6 

9 

i3 
Id 
i5 
■  6 

■6 
'9 

L.-. 

D„. 

Dill. 

"eT 
61 

63 
64 
65 
» 
67 
68 
69 

?i 

74 
75 
76 

7> 

Ul 

Dep. 

Uui. 

l^ 

Dep, 

Di«. 

L«., 

Dep. 

ni<i.|  Lu. 

0G.4 
0B.5 
08.5 
□86 

08.6 

08.7 
08.7 
08.7 
oB-8 
08.8 
08.8 
08.9 
08.9 
08.9 
09.0 
09.0 
09.0 
09.1 

o3 
'•4 
o5 

09 

i3 
i4 
i5 
16 

18 
'9 

0 

6i 

61 
63 
64 
65 
66 
67 
68 
69 

7a 
73 

i 

0 

a4 

35 

36 

38 

\l 

i3i 

33 

33 
34 
35 
36 
37 
38 
J9 
40 

114.9 
.35.9 
.36.9 

157-9 
138.9 
119.9 

04, 1 
o4,3 
04,3 
04.3 
o4.4 

04^4 
04.5 
04,5 
04-5 

181 

83 

83 

84 
85 
86 
87 
68 
89 
9" 

18.. 
181 
.83 
iS3 
164 
i85 

ise 

1^^ 
,89 

9 
9 
9 
9 
9 
9 
9 
9 

9 
9 

06 
06 
06 
u6 
06 
06 
06 
06 

341 
43 
43 

44 
% 
% 
t 
157 

53 

53 
54 
55 
56 
57 
58 

i4i 
343 
344 
345 
346 
147 

348 

149 

9 

9 
9 
9 
9 

I 
6 

8 
8 

>3o.y 
.31.9 
133-9 

134.9 
,35.9 
.36-9 
.37.9 
.38.9 
,39.9 

04 -6 
04.6 
04,6 
04-7 
04.7 

o4!8 
o4.8 
04.9 
04,9 

191 
99 

190 
191 

:?5 
il 

'99 

9 

9 
9 
9 
9 
9 
9 
9 
9 
9 

06 
06 
06 
<« 
06 
06 
06 
06 

9 

j5o 
3S1 

L-S3 
354 
355 
356 
357 
358 
159 

8 
8 
8 
8 

S 

8 

a3 

li 

33 

a5 
16 

38 

11 

; 

E 

81 
83 
■83 
84 
85 
86 
67 
88 
89 
9" 

81 

8a 
63 

II 

86 
87 
68 
8q 

9 
9 
9 
9 
9 
9 
9 
9 

o3 
u3 
o3 
a3 
o3 
o3 

■  4r 

JS 

44 
45 
46 

47 
48 

140.9 
141.9 
i4a.9 
143.9 
144.9 
145,9 
146-5 
,47.9 
14B.9 
149-9 

04.9 
q5.o 
o5,o 
oS.o 
o5,i 

o5-T 

o5.i 
oS.i 
o5.i 
o5.i 

o3 
04 
o5 
06 

•3, 

09 

30l 
304 
305 
306 

1^ 
109 

9 
9 
9 
9 
9 
9 
9 
V 
9 
9 

07 
07 

07 

3 
3 
3 

301 
63 

63 
64 
65 
66 
67 
68 

Itw 

361 
163 

363 
364 
365 

:^ 
369 

B 
8 

9 

8 
3 

3 

09.1 
09.1 

09.3 
09.1 
09-3 
09.3 
09.3 
09.4 
09.4 
09.4 

3> 
}3 
34 
3S 
36 

37 

38 
39 
4n 

ii 
3i 

33 
34 
35 
36 
37 

1 

« 

:; 

9' 
9? 

1 

99 

90 

91 
9= 
93 

H 

9 

9 
9 
9 
9 
9 
9 
9 
9 

o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
t.3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 

3 
3 
4 
4 
4 
5 
5 
5 

e 

6 
6 

7 

8 
8 
9 
9 
9 

i5i 

53 

53 
54 
55 
56 
57 
58 

.50.9 
151.9 

i5».9 
153,9 
154.9 

t% 

oi.J 
o5.3 
o5,3 
o5.4 
o5.4 
o5.4 
o5-5 
o5.S 
o5.5 
05-6 

i3 
14 
i5 

16 

;s 

'9 

ii3 

ir5 
116 
117 
318 
119 

9 
9 
9 
9 
9 
9 

9 
9 
9 

07 
07 
07 

4 
4 
4 
5 
5 
5 
6 
6 
6 

73 

74 
76 
78 

38  < 
81 
83 
f4 
85 
86 
87 
88 
89 
9" 

370 

173 
174 
375 
176 

Vi 

379 

3S.. 

381 

383 
3H1 
184 

385 
386 
387 
3BH 

i.89 
39U 
391 

196 

'^ 
199 

8 
8 
8 

B 
B 
S 
8 

8 
8 

T 

8 
8 

09.5 

09.5 
09,6 
09-6 
09.6 
09.7 
09.7 
09.7 

"^ 

<^.8 
09-9 
"9-9 
09.9 

loU 

4i 

15 

44 
4^ 
46 
47 
48 

8 

4t 
4i 
43 
44 
45 
46 

48 

; 

:; 

o3 
04 
o5 
06 

09 

tD3 

io5 
106 

109 

9 
9 

9 
9 
9 
9 
9 
9 
9 
9 

161 
63 
63 
64 
65 
66 
67 
68 
69 

161:9 
161.9 
163.9 
164,9 
165,9 
166,9 
167,9 
.68,^ 
,69,9 

o5.7 
o5.7 
o5.7 

o5-e 

05:9 
05,9 

J3 
i4 

35 

16 
18 

133 
134 

ai5 
336 

339 

9 
9 
9 
9 
9 
9 
9 
9 
9 

07 
"7 

08 
<)8 

8 
8 
9 
9 
9 

5i 
Sa 
53 
54 
55 
56 

V, 

5, 
5j 
53 

i 

6 

: 

I 

0 

i3 

[i 

16 

iS 
'9 

:i4 

Ii5 

9 
9 
9 
9 
9 
9 
9 
9 
9 

o3 
o3 
o3 
04 

04 
04 
o4 

171 

73 
74 
75 
76 

78 
79 
80 

.70.9 
I7>,9 
171,9 
173,9 
.74.9 
176-9 
.76,9 

'79-9 

06.0 
06,0 
06.0 
06.1 
06., 
06-1 
06.1 
06.1 
06.1 
06.3 

3J1 

33 

33 
34 
35 
36 

39 
4o 

33l 
333 

i33 

i34 
335 
336 
337 
338 
139 

9 
9 
9 
9 
9 
9 
9 
9 
9 

08 
08 

08 
r>8 
08 
<>8 
08 

391 

94 

'9^ 

IVp 

Ix' 

Dill 

Dep. 

I, 

IK<I 

IVp. 

l,M. 

!>.  ,.  1   1... 

u;« 

De 

(For&JUeg««.      ] 

„.db,Googlc 


TABLE  11.                                          irv  w 
Difference  of  Latitude  and  Departure  Tor  3  Degrees. 

Disi.l  Lm. 

Di 

p. 

Disi 

Lbi. 

Dep. 

IMii 

Lbi. 

D«p. 

Dill 

LiL 

Dep. 

Dill 

Ui 

D.p. 

3 

5 
6 

8 
9 

o3 
o4 
o5 
06 

09 

0 

i 

62 
63 

% 

66 

a 

69 

6(1 
6[ 
6j 
63 
64 
65 
66 
67 
68 
69 

9 
9 
9 
9 

9 
9 
9 
9 

•i 

o3.a 
o3.3 
o3.3 
o3.4 
o3.5 
d3.5 
o3.6 
o3.6 
o3.7 

33 

34 
35 

36 

11 

I" 

134 
■  35 

136 

136 

[39 

8 
8 
8 
8 
8 
8 
8 
8 
6 
6 

Ob 
06 
06 
06 
06 
06 
06 
06 
06 
06 

J 
4 
4 
5 
5 
6 
6 

6 
8 

181 
83 

83 
86 

SI 

89 
90 

.Bo 

182 
i83 

\U 

.86 
.87 

^9 

8 
8 

7 
7 
7 

09.5 
09.5 
09.6 
09.6 
09.7 
09.7 
^8 
09.8 
09.9 
09.9 

34. 

43 

43 

44 
45 
46 

% 

340.7 

*4l.7 

343 '7 
344.7 
345.7 
346.7 

348.7 
349.7 

12.6 

13.8 

12.9 

i3.o 
iJ.o 
i3.' 

I3 

14 
i5 
16 

\l 
'9 

I3 

14 
i5 
16 

n 

'V 

0 

™ 

71 

76 
78 

73 
74 
75 
76 

11 
79 

9 

9 
9 
9 
9 
9 
9 
9 
9 
9 

0J.7 
o3.8 
o3.8 

til 
04.1 
04.0 
04.1 
04.1 
04.1 

,3. 

33 

33 
34 
35 
36 
37 
38 

i3o 

.3[ 

.33 

1 33 
i34 
i35 
i36 
'37 
i38 
■  3, 

6 
6 
6 
6 
S 
8 
6 
6 
6 
8 

(* 
06 

07 
07 
07 

9 
9 

3 
3 

.9. 

P 

i 

97 
98 
99 

190 
'9' 
'9? 

193 
194 

'96 
'91 
.98 

7 
7 
7 
7 

10,3 
10.4 
10.4 
10.5 

35' 

53 

53 
54 
55 
56 

57 
58 

1 

350.7 
35.  .7 
353.7 
353.7 
354.7 
255.6 
356.6 

lUi 

259.6 

i3.i 

l3.2 
|3.2 

i3.3 
.3.3 
.3.4 
.3.5 

i3.5 
i3.6 
i3.6 

a3 
U 

j3 
J4 
s5 

S 

^ 

i' 

3 

4 

i 

5 
6 

83 
64 
85 
86 
87 
88 
89 
90 

Bo 
81 
83 
83 
84 
85 
86 
67 
88 
89 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

04. s 
04.3 
04.3 
04.4 
04.4 
04.5 
t-4.6 
o4.6 
04.7 
04.7 

i4i 
4i 
43 
44 
45 
46 

ii 

i4o 
i4i 
143 
143 
'44 
145 
146 

\'i 

■  49 

e 

6 
6 
8 
8 
8 
8 
8 

e 

8 

07 
07 
07 

4 
4 
5 
5 
6 
6 

I 

9 

o3 
04 
o5 
06 

06 
09 

id3 

305 

:.(* 

309 

7 
7 
7 
7 
7 

io!6 
ro.6 

io!8 
10.6 
.0.9 
10.9 

361 
63 
63 

?5 
66 

S 
69 

260.6 

36. .6 
363.6 
363.6 
364.6 
365.6 
366.6 
367.6 

269^6 

13^7 
i3.8 
i3.8 
.3.9 

\l:t 

l4.3 

i4.' 
.4.1 

3. 
33 
34 
35 
36 
37 
36 

2 

Jl 

3a 
33 
34 
35 
36 
36 
3? 
38 
39 

9 
9 
9 
9 

0! 

t 

7 

? 

6 
9 
9 

9' 

1 

99 

9" 

9" 

99 

9 
9 

9 
9 
9 
9 
9 
9- 
9 
9 

04.8 
04.8 
04.9 
04.9 
o5.o 
oS.n 
(i5.i 
oS.i 
o5.j 
oS.i 

i5. 

53 

53 
54 
55 
56 
57 
58 

.50 

i5i 
1S3 
.53 
154 
i55 
i56 
'57 
l58 
159 

a 

6 
6 

8 
6 
6 

8 

08 
08 
08 

08 
08 
d8 
08 
06 
08 

9 

3 

3 

(3 
'4 
'5 
16 

18 
'9 

113 

3.4 

3'5 
316 

319 

7 
7 

7 

ii!3 

II. 3 
H.4 
11.4 
tj.5 
11.5 

37' 

1 

78 

12 

1V0.6 
371.6 
27».e 
273.6 
374.6 
375.6 
376.6 
277.6 
278.6 
379.6 

.4.3 
.4.3 

I'd 

.4.5 
.4.5 
.4.6 

.4.7 

4> 

4j 
43 
44 
45 
46 
4-' 
48 

t 

4i 

4= 
43 
44 
45 
46 

48 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

i 

3 
3 
4 

i 

5 
6 
6 

'i 

04 

o5 
06 

^' 
09 

io3 
io4 
io5 
iq6 

;3 

[09 

9 

9 
9 
9 
9 
9 
9 
9 

t 

8" 

8 
8 
8 
8 
8 
6 
8 
8 
8 

o5.3 
o5.4 
o5.4 
o5.5 
(.5.5 
o5.6 
05.7 
05.7 
u5.8 
0T8- 
(.5.9 
05.9 
06.0 
06.0 
06.. 
06.1 
06.3 

Cl6,3 

06.3 

63 
63 
64 
65 
66 

u 

69 

.6. 

163 
i63 
164 
i65 
166 
.67 
168 
'69 

8 
8 
8 
8 
8 
8 
8 
8 

dS 
06 
oS 

08 
n8 
(* 
(.8 
oS 

4 
5 

5 
6 
6 

I 
8 
9 

33 

14 

»5 
16 

38 

39 

3o 
l3? 

33 

33 
34 
35 
36 

H 

3l3 
134 

335 
33f. 

338 

"9 

I 

11.6 
11.7 

ii!8 
11.8 
".9 
"•9 

3»] 

8> 

83 
84 
85 
86 
87 
88 
89 
90 

381.6 
383.6 
383.6 
384-6 
385.6 
386,6 
287.6 
388.6 
38,6 

.4.7 
14.8 
14.8 
14.9 

•,tt 

l5.L. 

i5.i 
i5.] 

.'5.3 

5i 

53 

W 

K 

5? 
S8 

I 

55 
56 
i7 
56 
59 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

o3 
o3 
o3 
o3 

7 

8 
8 
9 

9 

i3 
i4 
i5 
16 

',i 

'9 

ii3 
114 
i[5 
■  ■6 

118 

T71 
73 

i 

17" 
1 73 

178 

■79 

8 
6 
8 
8 

8 
6 
8 

8 

u8 
09 
09 
09 
09 
09 
09 
09 
09 

9 

3 
3 
4 
4 

33. 
333 

333 
334 
335 
336 

S 

339 

7 

.13!3 

.a'4 

13.5 
13.5 
13.6 

391 

1 

39,  :& 

293.6 
293.6 
294.6 
295.6 
396.6 
397.6 
3^.6 
2996 

15,2 

.5.3 
i5.3 
.5.4 
i5.4 
.5.5 
.5.5 
.5.6 
.5.6 
.5.7 

Diu. 

!>«. 

L.t. 

Ui,. 

tw. 

I.U. 

ni«i 

IVp. 

l,<ii. 

ni« 

Dep. 

tM. 

Dim 

Dep. 

Ui. 

[For87D«gr«..      | 

Cooylc 


ffsoj 

TABLE  II.                                                           1 

Differeace  of  Latitude  and  Departure  for  4  Degrees. 

1 

Dl^ 

Lu. 

Dep. 

l>i.. 

Lai. 

]^ 

D!i( 

Lw. 

Dep. 

Dill 

L.1. 

Dtp. 

Din. 

Lai 

r^ 

61 

60.9 

04.3 

iao.7 

"oM 

181 

180.6 

.3.6 

34, 

340.4 

"iO 

6j 

61 

8 

o4.3 

iai.7 

08 

5 

81 

1B..6 

13.7 

41 

34.  .4 

16.9 

3 

o3!o 

63 

61 

8 

04.4 

i3 

151.7 

08 

6 

83 

.85.6 

.3.8 

43 

34a. 4 

■7.0 

4 

o4.o 

Q0.3 

C4 

63 

8 

o4.5 

34 

.13.7 

08 

6 

84 

.83.6 

.3.6 

44 

343,4 

5 

oS.o 

OD.3 

65 

64 

8 

04.5 

j5 

ia4.7 

08 

7 

85 

184.5 

19.9 

45 

144.4 

6 

o6.o 

00.4 

66 

65 

S 

04.6 

a6 

ia5.7 

08 

8 

86 

■85.5 

.3.6 

46 

345.4 

00.5 

67 

66 

8 

1.4.7 

»7 

ia6.7 

08 

9 

87 

186.5 

i3.o 

^7 

346.4 

e 

o8.o 

00.6 

6S 

6^ 

8 

04.7 

58 

07.7 

9 

88 

.87.5 

.3.1 

it 

147.4 

17.3 

9 

09.0 

00.6 

69 

8 

04.8 

39 

ia8.7 

09 

89 

■  3. a 

49 

148.4 

17-4 

00.7 

70 

1 

8 

51:9 

3o 

119.7 

£9 

90 

W^ 

i3.3 

56 

149:4 

■7-4 

T 

o5.o 

757 

i3o.7 

09 

191 

19... 5 

TO" 

^57 

150.4 

i?:5 

8 

05,0 

3a 

i3i.7 

09 

93 

.91.5 

i3.4 

53 

351.4 

17.6 

i3 

i3.o 

00.9 

73 

8 

o5.i 

33 

i3a.7 

09 

3 

93 

19J.5 

i3.5 

53 

a53.4 

.7.6 

'4 

74 

73 

8 

o5.a 

34 

133.7 

09 

3 

^4 

,;3.5 

,3.5 

54 

353.4 

i5 

i5.o 

75 

74 

o5.i 

35 

.34.7 

09 

^5 

.^4.5 

i3.6 

55 

354.4 

i6 

16.0 

76 

75 

o5.3 

36 

]35.7 

09 

^6 

.95,5 

■3.7 

56 

355.4 

17.9 

76 

8 

o5.4 

37 

i36.7 

09 

6 

97 

.96.5 

.3.7 

57 

356.4 

17.9 

■  8 

01.3 

78 

77 

8 

05.4 

38 

137.7 

09 

^8 

.97.5 

i3.8 

58 

157.4 

,8.0 

'9 

[9.0 

01.3 

79 

78 

8 

o5.5 

39 

i38.7 

09 

99 

198.5 

:3.9 

59 

158.4 

18.1 

01.4 

Bo 
8i" 

79 

8 

o5.6 

40 

■  39.7 

09 

103, 

199.5 

.4.0 

6d 

359.4 

io.9 

81. 

8 

-o5T 

r4i 

140.7 

09 

aoo.5 

.4-0 

a6. 

j6«.4 

"JaTi 

SI. 9 

oris 

8] 

81 

8 

g5.7 

4a 

.41-7 

09 

ao..5 

■4-1 

6a 

36.  .4 

.8.3 

a3 

01.6 

83 

8] 

a 

05.8 

43 

o3 

303.5 

l4.3 

63 

163.4 

.8.3 

j4 

's!' 

84 

83 

8 

44 

l43!6 

04 

ao3.5 

14.3 

64 

163.4 

.8.4 

55 

14.9 

01.7 

85 

84 

8 

45 

.44.6 

o5 

304. 5 

.4.3 

65 

364-4 

.8.5 

=6 

=5.9 

01.8 

86 

85 

8 

06  lo 

46 

.45.6 

06 

305.5 

.4-4 

66 

365.4 

18.6 

J6.9 

o[.9 

87 

86 

8 

06.1 

47 

■  46.6 

ao6.5 

.4.4 

67 

166.3 

18.6 

37.9 

87 

8 

06.1 

48 

147-6 

08 

107.5 

■4.5 

68 

167.3 

18.7 

'9 

>8.; 

89 

88 

8 

o6.a 

49 

148.6 

09 

aoS.S 

r4.6 

69 

a68.3 

1S.8 

32 

19.9 

01.1 

9° 

J9 

8 

06.3 

50 

149.6 

10 

=09.5 

14.6 

70 

369.3 

18.8 

"37 

liT^ 

9' 

90 

1 

"^O" 

i5i 

i5o.6 

3,0.5 

14.7 

371 

18.9 

3j 

3,  .9 

91 

9' 

6 

06.4 

5j 

■  5i.6 

311.5 

.4.8 

171.3 

19.0 

33 

3i.? 

D1.3 

93 

9a 

8 

06.5 

53 

j5a.6 

.3 

an. 5 

14.9 

73 

171.3 

34 

33.; 

94 

^3 

8 

06.6 

54 

,53.6 

■  4 

ai3.5 

.4.9 

74 

173.3 

19.1 

35 

34.5 

0J.4 

95 

94 

8 

06.6 

^5 

154.6 

i5 

ii4.5 

.5.2 

75 

374.3 

19.3 

35 

35.9 

01.5 

^6 

^ 

06,7 

56 

.55.6 

16 

3,5.5 

.5.1 

76 

175.3 

.9.3 

■37 

36.9 

Oa.6 

97 

96 

06.8 

57 

■56.6 

3.6.5 

iS.i 

77 

176.3 

.9.3 

38 

37.9 

01.7 

96 

97 

06.8 

58 

■  57.6 

18 

ai7.5 

,5.3 

78 

377.3 

.9-4 

39 

38.9 

01.7 

99 

98 

8 

59 

i58.6 

'9 

318.5 

,5.3 

79 

37a  3 

J9-5 

4o 

39.9 

oa.8 

99 

8 

60 

.59.6 

31, .5 

,5.3 

80 
38 1 

379-3 
380.3" 

19.6 

4i 

40.9 

oa.9 

8 

leT 

160.6 

lao.5 

15.4 

4j 

4.-9 

o».9 

8 

07.1 

61 

T6..6 

33.  .5 

.5.5 

83 

18.. 3 

19.7 

43 

41.9 

03.2 

o3 

07.1 

63 

16]. 6 

a3 

333.5 

i5.6 

63 

181.3 

'9-7 

44 

43.9 

o3.i 

04 

io3 

7 

07.3 

64 

.63.6 

34 

=  33.5 

■5.6 

84 

a83.3 

i|.8 

45 

44.9 

o3.i 

o5 

■04 

7 

07.3 

65 

.64.6 

a5 

334.5 

.5.- 

85 

a84.3 

19.9 

46 

45.9 

d3.i 

06 

lq5 

7 

07.4 

66 

i65.6 

6 

a6 

335.4 

.5.6 

66 

385.3 

47 

46.; 

o3.3 

106 

7 

07. 5 

67 

166.6 

6 

^7 

336.4 

87 

386.3 

48 

47.; 

o3.3 

oe 

7 

07.5 

68 

167.6 

18 

aa7.4 

.5.9 

88 

387.3 

49 

48.9 

o3.4 

09 

loB 

07.6 

69 

168.6 

8 

'9 

338.4 

16.2 

89 

3S8.3 

5^ 

49-9 

n3.5 

'°9 

07.7 

70 

169.6 

9. 

30    „9.4 

16.0 

9" 

3893 

^ 

-ST 

-^ 

o3.6 

TiT 

7 

07.7 

r7i 

(70.6 

~ 

) 

alT" 

330.4 

TeT 

191 

190.3 

5i 

51.9 

o3.6 

07.8 

7a 

171.6 

33 

33.  .4 

16.3 

93 

19" -3 

20.4 

53 

5..; 

i3 

07.9 

73 

.73.6 

33 

a3a.4 

t6.3 

93 

193.3 

33    4 

54 

53.; 

o3!8 

14 

ii3 

08. 2 

74 

173.6 

34 

333.4 

16.3 

94 

393.3 

W.5 

55 

54.9 

o3.B 

i5 

114 

7 

08.0 

75 

.74.6 

35 

334.4 

16.4 

95 

194.3 

30. 6 

56 

55.9 

o3.9 

ii5 

08.1 

76 

175.6 

36 

335.4 

16.5 

96 

395.3 

30.6 

5? 

56.9 

04.0 

t7 

ii6 

08. s 

■  76.6 

3? 

a36.4 

16.5 

97 

396.3 

58 

57.9 

o4.o 

18 

i'7 

08.3 

78 

177.6 

3^ 

337.4 

.6.6 

98 

3^7.3 

ao.S 

59 

58.9 

o4.i 

'9 

118 

7 

0B.3 

79 

.78.6 

39 

338.4 

,6.7 

99 

398.3 

30.9 

&> 

59^ 

04. » 

"9 

08.4 

80 

.79.6 

6 

4o 

339.4 

,6.7 

3oo 

'99-3 

i£:9 

Sisl. 

Dep 

Lkt. 

Dili 

D.p. 

Lm. 

Disi. 

Dep. 

T^ 

D\*i. 

Dep. 

Lai. 
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Dep. 
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TABLE  11.                                          f-i"" 
Difference  of  Latitude  and  Departure  Tor  S  Degrees. 

DUu 

L.U 

Dep. 

Diit 

LU. 

Dep. 

Dill 

L»1.   1  llrp. 

I>>ii 

L.t.   1  De 

. 

Di,.,|    LaL   f  Hep.  1 

. 
3 

4 

5 
6 

8 
9 

o3 
o4 
o5 
<>6 

o8 
09 

\ 

3 
3 
4 
5 
6 

S 

9 

bi 

63 

63 
64 
65 

67 
69 
70 

60 
61 
6a 
63 
64 
65 
66 
67 
68 
69 

8 

8 
8 

7 
7 
7 

o5 
o5 
o5 
o5 
o5 
o5 
t.5 
06 
06 

33 
34 

35 
36 

a8 

S 

131.5 
133.5 

133.5 

.34.5 

135.5 
136.5 
137.5 
138.5 
;39.5 

10-5 
10 .6 

lole 

1...9 

ir!3 

B3 

83 

84 
65 

86 

^ 
89 
90 

161.3 
183.3 
[83.3 
1B4.3 
r65.3 
186.3 
1B7.3 
r88.3 
169.3 

It 

,5 
16 
16 
r6 
16 
16 
16 
16 

t 
9 
J 

3 

4 
5 
6 

Ml 
41 
43 
44 
45 
46 

47 
48 

140 
341 

343 

343 
344 
345 

346 
347 
346 
349 

i 

31.3 

31.4 
31.4 
31.5 

31.6 

3l!8 

i3 

J4 
■  5 
.6 

;j 

'9 

i3 
i3 

'A 

[6 

18 

9 
9 

9 
9 

9 
9 

I 

3 
4 

5 
6 

7 

73 
74 
75 
76 

78 

7 
7 

06 
.)6 
06 

<* 
06 
06 

rJi 

33 

33 
34 
35 
30 
37 
38 

I; 

i3o.5 
r3i.5 
i3>.5 
.33.5 
134.5 
i35.5 
i36.5 
.37.5 
i38.5 
139.5 

il;! 

n'.H 
11.9 
11.9 

191 

1 

99 

.9".3 
191.3 
191.3 
,93.3 
.94.3 
195.3 

197.1 
196.3 
■  99.. 

16 
16 
16 
17 

17 

8 
9 

3 
3 
4 

53 
53 
54 
55 

56 
57 
58 

35l 

353 
353 

:a 

356 
357 
i58 
359 

0 

lr.9 

33^3 

33^5 
33.6 

33.1 

33.3 

33.3 
33.4 
33.4 
33.5 

3] 

li 
35 

a6 

38 

"37 
3i 
33 
34 
35 
36 

II 

39 

4a 

i3 
=4 
a5 

36 

=9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

03 

8 
9 

3 
4 
4 
5 
6 

S. 

S3 

83 
84 
85 
86 

87 

89 
90 

80 

83 

83 
-84 
85 
86 

SJ 

89 

7 

07 
07 
07 

07 

i4j 

43 
44 
45 
46 
47 

48 

■  41.5 

143.5 
143.5 
144.4 
■45.4 
■46.4 

■  47-4 
148.4 
<49-4 

13.3 

ii.-i 

13.5 
13.6 

11.6 

i3.[ 

o3 
o4 
o5 
c6 

09 

301!  1 

3o3!a 

104.3 
105.3 
306  3 

lOy.J 

'7 

\l 

18 

i8 
18 
18 

5 
6 

8 
9 

3 

36l 

63 
63 
64 
65 
66 
67 
68 
69 

360 
161 
163 
i63 
364 
365 
366 

'^ 
169 

3i 

33 

33 
34 
35 
36 

J9 

9 
9 
9 
9 
9 
9 
9 
9 

t 

o3 

£.3 

o3 
o3 
o3 
o3 

o3 

8 
9 

3 
4 
5 

91 

B 

95 
96 

99 

9" 

1 

99 

6 

6 
6 
6 
6 
6 
6 
6 
6 

06 
08 
08 
08 
08 
08 
08 
08 
08 

'si 

53 
54 
55 
56 

57 
58 

s 

i5o.4 
•  5i.4 

i5j.4 

■  53.4 

■  54.4 
155.4 
i56.4 
157-4 
.58.4 
L59.4 

l3.3 

r3.3 
i3.4 
i3,5 
i3.6 

;l:? 

±1 

I3 

14 
i5 
16 

'9 

iraii 

314.1 

ll5.3 

18 

19 
19 
19 

4 
5 
6 

) 

7i 
73 
74 
75 
76 

78 

A 

83 
84 
B5 

89 
90 
391 

1 
$ 
% 

,99 
3oo 

370 
371 

V,\ 

=74 
'74 
375 
376 

178 

i? 

383 

:a 

386 
3B7 
188 
389 
390 
391 

39i 
394 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

\ 

9 
9 
9 

33.6 
33.7 
i3,8 

34.1 
34.1 
34.3 
34.3 
34.4 
34.5 
34.6 
34.7 
34-8 
34-6 

:12 

35.1 
35.3 
35.3 
35.4 
35,4 
35.5 
35.6 
35.7 
35.8 

'il 

36. T 

J6.1 

il 

4-i 
43 

44 
45 
46 
47 
48 

S 

5i 

53 

53 

54 
55 
56 
57 

1 

40 

41 
43 
43 
44 
45 
46 

'i 

49 
5o 
5i 
5i 
53 
54 
55 
56 
57 
58 
59 

6 
8 
8 
8 

8 
8 
8 
8 
8 
8 

e 

B 
8 
8 
8 
8 
8 

o3 
o3 
03 
o3 
d3 
04 
o4 

"4 
04 

04 
04 
o4 
o5 
o5 
o5 
o5 

6 
9, 

3 
4 

5 
6 

I 

9 

o3 
o4 
"5 
06 

09 

io3 

io5 
106 

!S 
109 

6 
6 
6 
6 

6 
6 
6 
6 
6 

Ob 

08 
09 

"9 
09 
09 
09 
09 
09 
09 

6j 
63 
64 
65 
66 
67 
68 
69 

16U.4 
161.4 
163.4 
1O3.4 
164.4 
165.4 
,66.4 
167.4 
168.4 
169.4 

.4.0 

i4.i 

l4.3 

i4.3 
■  4.4 
i4.5 
14-6 
i4.6 

i4;8 

33 

34 

35 

56 

38 

333  !l 

336.1 

338!] 

339.1 

'9 

■9 

'9 
19 
19 
19 
'9 

3 
4 
5 
6 

8 
9 

i3 
i4 
i5 
16 

18 
'9 

ii3 
m4 
ii5 

116 

6 
6 
G 
S 
6 
6 
6 
6 
5 
5 

09 
09 
09 
09 

73 
74 
75 
76 

S 

171.3 

l-!3.3 
173.3 
174.3 
175.3 
.76.3 

179-3 

i5.. 

l5.3 

i5.3 
■  5.3 
15.4 
i5.5 
i5.6 
l5.7 

33, 
33 

33 
34 
35 
36 
37 
38 

1 

330.1 
33I.T 
333.1 

333.1 

334.1 
335.1 
136.1 

337.1 

338.1 

339.. 

JO 

3 
4 
5 

6 

7 

I 

9 

Di.i. 

D... 

I,ai, 

D-p,  1  Lm. 

iy.$t 

Dfp. 

Lm. 

Dim 

I>^p. 

L«i. 

Di-i 

rvp. 

L:.l. 
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''"«'«J                                         TABLE  n. 

Difference  of  Latitude  and  Departure  for  6  Degrees. 

Dill. 

L>t. 

D^. 

D»t. 

Lat. 

D.P. 

Din. 

L„. 

Dep. 

Di<1, 

L.. 

IMp. 

DisL 

L^t. 

D.P. 

3 

4 
5 

6 

i 

9 

cmI.o 

C.5.0 
o6.o 

09.0 
09.9 

3 
4 
5 
6 

8 
9 

63 
83 
64 
65 
66 
67 
68 
69 

6[.7 
61.7 
63.6 
64.6 
65.6 
66.6 

6e;6 

69.6 

06 
06 
06 
06 
06 
06 
07 

07 

07 
07 
07 

08 
08 
oB 
oB 

9 

3 
4 

i4 
i6 
aa 
3? 

133 
134 

ia5 

.36 

1^9 

3 
3 
3 
3 
3 
3 
3 
3 
3 

;i:2 

.3.. 

.3.3 

.3.3 
.3.4 
i3.5 
.3.6 

61 
83 

84 
85 
86 
87 
88 
89 
90 

.8. 
.83 
.83 

:¥> 

.86 

III 
.89 

I 

18.9 
19.0 
19.1 

III 

.9.9 

34 1 
43 

43 

44 
45 
46 

a 

.39.7 

344,7 
345,6 

346.6 
347.6 
346.6 

35.3 

35.4 

35-7 

35,8 
36.. 

■3 

i4 
i5 
j6 

11 

'9 

10.9 
11.9 

;:? 

16.9 

■9-9 

;; 

3 
i 
5 
6 

8 
9 

71 

76 

21 

71.6 
73.6 
74.6 
75.6 
76.6 

Hi 
79.6 

i3i 

33 
33 
34 
35 
36 

8 

iJo 

.31 

l33 

i33 
.34 
.35 
.36 
.37 
i3B 
i3, 

J 
3 
3 

i3!8 
.3.9 
14.0 

.4^3 

.4.3 
i4.'( 
.4.5 
.4.6 

.91 

99 

o3 
04 
o5 
06 

09 

.90 
.90 
.91 

1 

9 
9 

9 
9 
9 
9 
9 
9 
9 

3o'.3 

30.4 

30. 5 

30.6 

:::s 

ao.9 

3b. 

53 

53 
54 
55 
56 

S 

349.6 

35.  ,6 

353,6 

353,6 

355]6 
356.6 

fdi 

36,3 
36,3 
36.4 
36.6 
j6.7 
36.8 
36.9 
37.0 
37,1 

j3 
>4 

96 

i6 

10.9 
ai.9 

g:l 

18. a 
.9.8 

o3 

3 
4 
5 
6 

8 
9 

81 

8a 

83 
84 
85 
86 
87 
S8 
89 
90 

eo.5 
B1.6 

Bj.5 
83.5 

U:l 

8«.5 
87.5 
68.5 
•,.5 

08 
08 
08 
08 
09 
09 
09 
09 
09 

6 
8 
9 

3 
4 

[4i 
43 
43 
44 
45 
46 

% 

i4o 
14. 

■43 

143 

i44 
.45 
.46 
i4- 
.48 
.49 

IIS 

.5  3 
.5.3 
.5.4 
.5.5 
i5.6 
'5.7 

'99 
3^ 

304 
305 
306 

308 

9 
9 
9 
9 
9 
9 
9 
9 

t 

3l!3 

11.4 

31. 5 

11.6 

3b  I 
63 

63 

64 
65 
66 
67 
68 
6? 
70 

36?  .6 

36.  ,6 

363.6 

363.5 
364.5 
365.5 
366.5 

Si 

37. J 

K1 

37.6 
37^8 

V..t 

38.. 

38,3 

At 

li 

36 

^^ 
3, 
4o 

3[.8 

33.8 
33.8 
34.8 
35.8 
36.8 
37.8 
38.8 
39.8 

o3 
o3 
u3 
o3 
03 
03 
04 
04 
04 

3 

4 
6 

I 

9 

9' 

9? 
93 

i 

99 

,0.5 
91.5 

5«.5 

?; 

99.5 

09 
09 
09 
09 
09 

5 
6 

I 
9 

3 

5 

i5i 
5j 
53 
54 
55 
56 
57 
58 

1^ 

.5i 

.53 

.53 
.54 
.55 
.56 
i57 
i58 
.59 

.6.. 

16.3 

.6.3 
.6.4 
.6.5 
.6.6 
.6.7 

l3 
14 
.5 
.6 

18 
■9 

309 
111 

3.4 
3.5 
3.6 

l\l 

8 
8 
8 
8 
8 
8 
8 
8 
8 

33  J 
33.4 
33.5 
33.6 

11:1 
III 

371 

73 
74 

t 
11 
1? 

371.5 
373.5 
373.5 

3^4,5 
3;5.5 
376.5 
377.5 
378,5 

38,4 
a8,5 
38.6 
38. 7 
38.8 
'9" 
39.1 

III 

4] 

43 

43 
44 
45 
46 
47 
48 

1^ 

40. B 
4.-8 
4i.8 
43,8 
44.8 
45.7 
46.7 
47.7 
48.7 
49-7 

04 
04 

04 
<>4 
04 
04 
05 
o5 
o5 

4 
5 
6 
7 
8 
9 

o3 
04 
o5 
06 

09 

.00.4 
10T.4 
ioa.4 
io3.4 
104.4 
.o5.4 
106.4 
■07.4 
108.4 
.09.4 

!o 

8 
9 

3 

4 
5 

63 
63 

64 
65 
66 

69 

lOo 
161 

163 
i63 
164 
i65 
.66 
167 
.68 
.69 

iO.M 
.6.9 
17.0 
17.1 

17.= 
17.4 
17.5 
■7.6 

17:8 

33 

34 

35 
36 

>a 

It 

319 

3li 
135 

116 

8 
B 
8 
8 

8 
8 
B 

7 

l3.3 

i3.3 
33.4 
j3.5 
33.6 

:l:S 

83 
84 
85 
86 

89 

90 

385.5 
381,4 
383,4 
383.4 
384.4 
3SS.4 
386,4 

39,6 

'11 

S:i 

30.1 

3o,3 

3o-3 

5i 
53 
54 
55 
56 

is 

1^ 

54.7 
55.7 
56.7 
57.7 

o5 

o5 
o5 
oS 
o5 
06 
06 
06 
06 

4 
5 
6 

7 

9 
3 

11 
i4 

i5 
16 
17 
18 
■9 
ao 

..0.4 
111.4 
111.4 
113.4 
114.4 
m5.4 
116.4 
M7.4 
118.3 
IT9.3 

ii 

8 
9 
0 

3 
4 
5 

73 
74 
75 

SI 

173 
173 

ii 

i7f 
179 

Q 

.8. 1 
.8.3 
18.3 
18.4 
.8.5 
.8,6 

33 

33 
34 
35 
36 
37 
36 
39 

^3^ 

33. 
333 

333 
334 
335 
336 
^7 
338 

7 
7 
7 

94.1 
34.3 
34.4 
34.5 
34.6 

»4.7 

34. B 

lit 

35,1 

"Lri. 

391 

1 

90 

3S 

=»9.4 
190.4 
.9.  .4 
191.4 
■53.4 
1S.4 

3o.5 
3o,6 
3o.7 
3o.8 

tt 

3i.i 

3i.3 
3.  .4 

i);«t. 

d™. 

L>(. 

»,1  j    Dcp. 

Lw. 

Di« 

Dcp, 

LSI. 

Di« 

Dep. 

Di.i 

Ikp. 

La. 

[Kof  B4  D«p«ifci 


rcizedbyGoOgle 


TABLE  II.                                          fPM-M 
Difference  of  Latitude  and  Departure  for  7  Degreea. 

DUi 

Lm. 

D,p. 

Dili 

iM. 

0^- 

Dm 

Ui. 

l4.7 

;i; 

i5.i 
1S.1 
i5,4 
i5.5 
i5.6 
.5.7 
r5.8 

Dill 

L>l. 

Dep. 

DiM. 

L>l. 

D,p. 

33 

a 

36 

'31 
3i 

33 
3J 
35 
36 
37 
36 

o3!o 

-i5.o 
o6.o 
06.9 

09.9 

4 
5 
6 

7 

9 
0 

6. 
63 

63 
64 
65 

66 
67 
68 
69 
70 

61 
63 

63 

64 

65 
66 
67 
68 
69 

5 
5 

5 
5 

5 

08 
08 
08 
08 
08 

33 

M 

35 

36 

■  33 

"4 

135 
136 

\ll 

139 

iHi 
63 
83 
84 
85 
fc6 
87 
68 
89 
90 

i8,.6 
183.6 
r83.6 
[64.6 
i85.6 
1B6.6 
187.6 
188.6 

"'.I 

33.4 

13.5 

33  !3 

33.3 

34l 

43 

43 
44 
45 
46 
47 
48 

n 

2:1 

141.3 
343.3 
343.3 
344.3 

a45.3 
a46,a 

347-' 

348.1 

19-4 
.9.5 
■  9.6 

■9-7 

11:1 

3o.i 

30.3 

3o.3 
3o,5 

10.9 
n.9 

P 

16.9 

1J.8 

j3.8 
14. B 

38.8 
39.8 
3o.8 
3i.8 

33:7 
3^-7 
35.7 
36.7 
37.7 
38.7 
39.7 

1.3 
ai 

o3 
u3 
o3 
~ni 
o3 
oi 

<M 

o4 
04 
n4 
04 

J 
5 

6 

I 

9 

i 

6 
8 
9 

I 

76 
81' 

83 

83 
84 
85 
86 
87 
98 
89 
f 

70 

i 

i 

78 

79 

b 
5 
5 
4 
4 
4 
4 
4 
4 
4 

08 
08 
oB 
09 
°9 
09 
09 
"9 
09 
09 

■3i 

33 

33 

II 

36 

37 

1 

i3i 

■  33 

i33 
.34 
135 
i36 

;^ 

i39 

16.0 

■  6.1 

■  6.3 

16.3 

16.5 
■6.6 

11 

,6., 

191 
93 

?s 

99 

189,6 

X94.5 
.95.5 

33.4 
33.5 
13.6 
33.8 

f>.l 

14. 1 
14.3 

a4.4 

35. 

5i 
53 
54 
55 

56 
57 
58 

It: 

aSi.r 
35a.  1 
353.1 
354.1 
355,1 
356.  ■ 

357.1 

a58.i 

3o.7 
3o.8 
3i.o 
3^.1 

3l.3 

3i.3 
3r.4 
3^.6 

3.-7 

81 
83 
83 
84 
85 
86 
87 
88 
89 

4 

4 
4 
4 
4 
4 
4 
3 
3 
3 

09 

i4i 
43 

43 
44 
45 
46 

4? 
48 

■39 

140 
i4i 
[4i 
T43 
i44 
145 
i46 
r47 
148 

9 

'■11 

17.4 
17.5 

17-8 

18.3 

r8.3 

aor 

o3 
r.4 
o5 
06 

oB 
09 

■301. 5 

303.5 
31>.3.5 

3o4.5 

ao5.5 
306.4 
307.4 

3..8.4 

34.5 
34.6 

'4.7 

It 

35.1 
35.3 

a5.3 

35.5 
35.6 

36. 
63 

63 
64 
65 
66 

69 

70 

•2:1 

361.0 
363.0 
363 ,0 
364. 0 
ifiS.o 
366-0 

33.3 

33.3 
33.4 
33.5 
33.7 
33,8 
,33.9 

9' 

'I 
t 

99 

9" 
9' 

s 
i 

96 

IS 

11 

■  5i 

53 

53 
54 
55 
56 
57 
58 

:g 

>5i 

t53 

i53 
■  54 
r55 
i56 
157 
i58 

9 
9 
9 

I 

6 
8 
8 
8 
8 

18.4 
18.5 
i8.6 
18. 8 
.8.9 
■  9.0 

i3 
■  4 
i5 
.6 

18 
'9 

311.4 
313.4 

113.4 

314.4 
3,5.4 
316.4 

V.li 

l5.7 
i5.8 
16.0 
36.1 
36.3 
16.3 
16.4 
36.6 
36.7 
36.8 

1 

369.0 

170.0 
373^0 

373.9 

374.9 
375.9 
376.9 

33 .1, 
33.  T 
33,3 
33,4 
}3,5 
33,6 
33.8 

'§:l 

34.1 
"34.3 
34.4 
34,5 
34.6 
34.7 
34,9 

11::] 

35.3  1 

Si 

3S.6 
35.7 
35.8 
3ii.o 
3(i   ■ 
36.3 
36.3 

36.4  ; 
36,6. 

4i 

4» 
43 
44 

45 
46 

47 
48 

"TT 

53 
54 
55 

56 

41.7 
J' -7 
43.7 
44.7 
45.7 
46.6 
47.6 
48.fi 

5.  .6 
53-6 
53.6 
54.6 
55.6 
56.6 

57,fi 

58.6 
59.6 

<i5 
(.5 
o5 
o5 
o5 
o5 
o5 
06 
M 
'.* 
06 
06 
06 
06 
06 
06 

o3 

o4 
o5 
06 

08 
09 

I3 
i4 
.5 
16 

18 
'9 

103 

ro5 
106 

108 

i3 
l3 

i3 

6 

I 

9 

3 

4 

63 
S3 

64 
55 
66 
67 
68 
69 

2 

iGi 
.6a 
l63 
164 

;s 

167 

r6S 

J 

i 
i 

.9.6 

19.7 
[9.9 

30.5 

30. 6 

31 

33 
34 
35 

36 

11 
I'. 

IZi 

33J.3 
»3.3 

333.3 

334.3 

335.3 
336.3 

337-3 

138.3 

a6.9 

i:i 

Hi 

37;8 
^:2 

63 

83 
84 
85 
86 
87 
88 
*9 
9" 

383.; 

>84.9 
385.9 
386.6 
a»7.8 

li3 
114 
itS 
116 
117 
riB 
"9 

,3 
i3 

■  3 

■  3 
l4 
i4 

■  4 
i4 
■4 
M 

5 
6 
6 
9 

3 

4 
5 
6 

17' 

73 
74 
75 
76 

78 

S 

169 

I73 
174 
■  75 
.76 

30.8 

3l!3 
31.4 

11.6 
»!» 

33  1 

3a 
33 
34 
3i 
3& 

39 

40 

331.3 

»ai  3 

3314.3 

>35.3 

.36.1 
337.3 

iS.i 

36.3 
38.4 
18. 5 
ifr.6 

afl-.S 
36.9 
39-0 
19.1 
39.3, 

»9' 

1 
1 

300 

39^.8 

.96.8 
197.8 

Di»i. 

Ifcp. 

u,. 

n». 

r)«p. 

Lp 

. 

niit. 

1).^ 

Lat. 

n«i 

D*p. 

hu. 

Diil.i    Dtp. 

L».    . 

[For  83  Degraes.      | 

tf^l                                           TABLE  II. 

Difference  of  Latitude  and  Departure 

for  8  Degrees. 

Dill. 

3 
4 
5 
6 

e 

9 

i3 

Id 
i5 
i6 

i» 
'9 

o3*o 
n4.o 
o5.o 

06.9 

7.1 

09.9 

:i 

iC,8 
.9.8 

rvp. 

Dill. 

Lpj, 

Dep. 

Di.l 

!.».. 

D,p. 

Di«. 

Dcp. 

Di,i 

Lai. 

D.p. 

3 

4 
6 

7 
8 

3 
4 
5 

7 
8 
9 

4 
5 
6 
8 

6, 

63 

63 
66 

60 
61 
63 
63 
64 
65 
66 
67 
68 
69 

4 
4 
4 
4 
4 
4 
3 
3 
3 
3 

dS.5 
..8.6 
08.8 
..8.9 
09.0 
09,3 
C9.3 
09.5 
09.6 

33 

34 

35 
36 

38 

i3i" 

33 

33 
34 
35 
36 

37 

38 

i 

131.6 
133.8 

133.8 

.34.8 

135.8 

.36.8 

.38I7 

.6 
.8 

.8. 

83 
83 
84 
85 
86 
87 
88 
89 
9" 

1 

99 

o3 

04 
o5 
06 
07 
08 
<^ 

;    I 

35,3 

35.3 
35.5 
35.6 
35.7 

'AX 

36.3 

36.3 
36.4 
"36.6 
36.7 

37.4 
37.6 

37  is 

34. 
43 
43 
44 
45 
46 
47 
48 

S 

35l 
53 

53 

¥s 

56 

57 

58 

33S 

3.13 
343 
344 
345 
346 

347 
348 

349 

35o 

35, 
353 

353 

354 

355 
356 

357 

33.5 

33.7 
33.8 
34.0 
34.1 
34.1 
34.4 
34.5 

35.3 

35.3 
35.5 
35.6 
35.8 

'It 

.36.3 

7' 
7» 
73 
74 
75 
76 

78 

70 
71 

;i 

76 

7-' 
78 
79 

3 
3 
3 

3 
3 
3 
3 

09.9 

ia.3 
10.4 
10.6 

">-9 

i3i.7 
(33.7 
i33.7 
134-7 
i35-7 
,36.7 

18 
18 
.8 
.8 

'9 
'9 

'9 
■9 

189 

■9" 

191 

1 

196 

:2i 

11 

36 
»9 

33  is 
33. H 

l5.7 

V6.7 

39.7 

f.3 
o3 
1.3 
o3 
o3 
o3 
04 

9 

3 
5 
6 
8 
9 

8. 
83 
83 

84 

85 
86 
87 
88 
69 
90 

81 

63 
84 
85 
86 
B7 
BB 
89 

I 

11. J 
11.4 

11.6 

■:,:i 

43 

44 
45 
46 
47 
48 

t5i 

53 

3 

i 
5 

56 
57 
58 
59 

63 

63 
64 
65 
06 

lis 

i4i.e 
143.6 

J43.6 
144.6 
.45-6 
.46.6 
147.5 
,48.5 
149-5 
,5.1.5 
,5i.5 
,53.5 
,53-5 
,5^.5 
,55.5 
,56.5 
,57.5 
,58.4 

'9 

'9 
'9 

'99 

3o3 

304 

305 

3n6 
308 

I 

18. u 

38.3 
38.4 

38.5 

38. 7 

38.8 
38.9 
39.. 
39.3 

26, 
63 
63 
64 
65 
66 
67 
68 
69 

35B 

S 

36. 

363 
363 
364 

365 
366 

367 

36.3 
36.5 
36.6 

36.7 

1! 

37.3 
37.4 
37.6 

3, 

33 

•33 
3d 

36 

3, 

4i 

43 
44 

4i 
46 
4? 
48 

_S 

52 

53 
54 

55 
56 
57 
58 

& 

3[.7 
3J.7 
33.7 
34.- 
35-6 

3r>.6 

38  >. 
39.6 

47,76 
4'. 6 
43.6 
43.6 
44.6 
45,6 
46.5 
47.5 
48.5 
49-5 
'i<..5 
51.5 
5!.  5 
53-5 
54.5 
55.5 
=6-4 
57.4 
58.4 

5q.4 

04 
04 
04 
04 
(.4 
o5 
1.5 
o5 
oa 
..5 

3 
5 
6 

9 

3 
4 

93 
93 
94 

99 

9" 
9' 

93 
93 

i 

'„ 

|3.3 

13  4 
i3.5 
i3.6 
l3.8 
.3.9 

i3 

14 
i5 

16 

\l 

'9 

30« 

309 
I'll 

3.4 
3.5 
3.6 

I 

9 
9 
9 
9 
9 
9 
9 
9 

Hi 

Hi 

SI 

3... 3 

30.3 

3...  5 
3... 6 

73 
74 
75 
76 

78 

Z 

381" 
83 

.83 
S4 
85 
86 
87 
88 
89 
V 

"'i 

93 

t 

369 

373 
=73 

374 

375 
376 

377 
'^ 

3^9 

jBo 

38 1 

383 

383 
384 
jH5 
386 

si 

38.. 
38.3 
38.4 
386 

38.7 
36.8 
39.0 

II 
pil 

40-3 
4...  4 

n5 
06 

06 

8 
3 

8 

'oi 
o3 

04 
..5 
06 

•>8 
09 

Io3 
.f.4 
,o5 

K>6 

9 
9 

■  4. a 
.4.3 
.4.5 
.4.6 
.4.8 

;i-t 

.53 
.5:3 

;59-4 

,6,':4 

,63.4 
.63.4 
,64-4 
165.4 
166.4 
,67.4 
i6«.3 

33 

33 
33 
33 
33 
33 
33 

33 

34 

35 

36 
38 

3^ 

J18 
319 

333 
334 
335 
336 
337 

8 

3 

3 
8 
8 

8 

Jo  .8 

f.i 

3l.3 

3i.3 
3r.5 
3. .6 
3i.7 

'>- 
07 

07 

08 

08 

I 

B 
9 

4 

■  3 
r4 
i5 

■  5 

■  8 
'9 

109 

m3 

ii5 
116 

[|S 

9 
9 
9 
9 

9 
9 

8 

8 

i5.4 
.5.6 

16  r 
16  3 
.6.4 
.6.6 
16.7 

73 
74 
75 
7fi 

78 

17. .3 
173.3 
173.3 

174.3 
175.3 
176.3 
177.3 
178.3 

33 
34 

34 

34 

>4 

34 

j4 

34 

35 

3i 
33 
34 
35 
36 
37 
3d 
39 
4o 

33. 

333 

333 

334 

335 
336 
337 

33!3 
33.4 
33-6 
33.7 
33.8 
33.0 
31,1 
33.3 
33.4 

389 
390 
391 

s 

196 

4n.5 
40.6 
40.8 

v. 

41.3 

41.3 
41.5 
4>  6 
4.. 6 

D»L 

Dep. 

L.. 

Dep. 

Lbi. 

Di<.. 

Dc,>. 

I.at. 

Uiti. 

Dep, 

L.U 

Diil. 

Drp. 

Lai. 

[forKD- 

I" 

*.. 

Cooylc 


TABLE  II                                                 IFm'M  ' 
Difference  of  Latitude  and  Departure  for  9  Degrees. 

Dill 

Lai. 

Dee. 

d:» 

Lu.     Dep. 

Disi. 

Lm. 

top. 

Di.1, 

L... 

Dep. 

Di,u 

Lai, 

Dep. 

3 
4 
5 
6 

I 

9 

u4.o 

o5.9 
c-j.9 

06.9 
09.9 

i 

b! 
61 
63 
64 
65 
66 
■67 
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85 

179-5 

44-6 

45 

137.7 

59-3 

6 

UI.5 

66 

64.0 

16.0 

36 

13i.3 

3o.5 

■86 

186,5 

45.0 

46 

338.7 

5?.  5 

ue,8 

6? 

65.0 

16.= 

133.3 

30.7 

87 

1S1.4 

45.1 

47 

339.7 

59.8 

8 

07.8 

68 

66.Q 

16.5 

38 

134.3 

3.,o 

88 

183,4 

45.5 

48 

340.6 

9 

08.7 

69 

67.0 

.6.7 

39 

135.3 

3.,i 

89 

,83,4 

45.7 

49 

141.6 

6o!i 

09.7 

03.4 

67.9 

_.^ 

3o 

136.. 

3.  .4 

90 

164,4 

46. 0 

5o 

341.6 

fio.5 

1(1.7 

68-9 

.3. 

.37.. 

3.. 7 

.9. 

,B5.3 

46.1 

i5. 

343.5 

11.6 

oa.9 

71 

S:2 

17.4 

33 

.38.1 

3.-9 

91 

186.3 

46-4 

5i 

144.5 

Gi!o 

i3 

1:1.0 

o3.T 

73 

33 

.39.0 

33.3 

93 

.87.3 

46.7 

53 

145.5 

6l-3 

i4 

i3.6 

o3.4 

74 

71.8 

17.9 

34 

.30.0 

33.4 

94 

.88.3 

46.9 

54 

146.5 

61.4 

|5 

14.6 

o3.6 

75 

71.8 

.8.1 

35 

i3i.o 

33.7 

95 

189.3 

47.3 

55 

'47-4 

61.7 

ifi 

i5.5 

03.9 

76 

73.7 

18.4 

36 

.33-0 

3>,9 

96 

190.3 

47-4 

56 

348.4 

16.5 

04.; 

74.7 

18.6 

37 

,33.9 

33, T 

97 

.91.1 

47.7 

57 

149.4 

61:3 

i8 

17.5 

04.4 

78 

75.7 

.8.9 

38 

133.9 

33,4 

98 

191,1 

47-9 

58 

356.3 

61.4 

T9 

18.4 

04,6 

79 

76.7 

.9.1 

39 

134.9 
i35.g 

33.6 

99 

193,. 

48.; 

59 

i5i.3 

61.7 

.9.4 

04.8 
."."5T 

80 

77-6 

19-4 
19.6 

40 

33.9 

194.1 

48.4 

66 

i5i.3 

63.9 

JO. 4 

78. 6 

i36.8 

34.1 

195.0 

48:6 

36t 

153.3 

63.1 

I, .3 

o5.3 

8; 

79.6 

,9.8 

43 

.37-8 

34.4 

.96,0 

48.9 

61 

154.3 

63.4 

a3 

5J.3 

o5.6 

83 

8^.5 

43 

.38.8 

34,6 

o3 

197.0 

49.T 

63 

355.3 

63.6 

'4 

i3.3 

(.5.8 

84 

81.5 

lois 

44 

139.7 

34.8 

o4 

.97.9 

49-4 

64 

356.1 

63.9 

i5 

14.3 

06.0 

65 

81.5 

30,6 

45 

14(1.7 

35.1 

oS 

.98.9 

45-6 

6S    157.1 

64.1 

16 

>5.3 

0C.3 

86 

83,4 

46 

.41.7 

35,3 

06 

199.9 

49.8 

66 

lie. I 

64.4 

16,3 

06.5 

87 

84-4 

47 

143.6 

35.6 

5o.i 

67 

ai9,i 

64.6 

iB 

06.8 

88 

85,4 

31.3 

48 

,43.6 

35.8 

08 

5o.3 

68 

366.3 

64.8 

39 

18.  t 

89 

86,4 

3T,5 

49 

1 44 ,6 

36. 0 

09 

loils 

5o.6 

69 

65.1 

3o 

39.1 

07^3 

9" 

87. 3 

31,8 

56 

145.5 

36.3 

303.8 

5o.8 

70 

161.0 

65.3 

i:' 

3^ 

oTT 

^""aO" 

TsT 

.46.5 

36T 

104.7 

171 

65.6 

3, 

3t.o 

"7-7 

93 

89.3 

33.3 

53 

t47.5 

36,8 

3o5.7 

5.;3 

163.9 

65-8 

31 

3i.o 

93 

91),  3 

s>,5 

53 

<48.5 

37.0 

.3 

306-7 

5i.5 

73 

364.9 

66.0 

34 

33,0 

08^3 

94 

91,3 

54 

i49'4 

37.3 

■4 

107-6 

5.-8 

74 

365.9 
166.1 

&).3 

3'; 

34.0 

0S.5 

95 

i3.o 

55 

.5(..4 

37.5 

i5 

308-6 

53. 0 

7S 

66,5 

3f. 

34.9 

118.7 

9S 

93:' 

33.1 

56 

i5i,4 

37-7 

16 

309.6 

53.3 

76 

367.8 

66,8 

37 

35.9 

09-0 

97 

9i.< 

:.3.5 

57 

i53,3 

38,(1 

3.0.6 

51.5 

368.8 

67.0 

38 

tt 

09-3 

98 

95.1 

i3.7 

58 

.53-3 

38.1 

iS 

1.1-5 

5l.7 

78 

>69.7 

67.3 

39 

094 

99 

96-1 

34.0 

S9 

.54.3 

38.5 

'9 

1.1,5 

53.0 

79 

67.5 

4c> 

38.8 

°9--' 

97-0 

34.3 

60 

.55, » 

38-7 
38,9 

113,5 

53.3 

80 

67.7 

4i 

39-8 

09.9 

98.0 

=4-4 

.61 

(56,1 

3.4.4 

"53.5 

38. 

371T7 

68.0 

4> 

40.8 

99-11 

34.7 

63 

157,1 

39.1 

1.5,4 

53.7 

83 

173.6 

66.3 

43 

41.7 

^a'.i 

o3 

99-9 

14,9 

63 

.58,3 

39,4 

i3 

316,4 

53.9 

83 

174-6 

68.5 

44 

4:1.7 

10.6 

o4    160.9 

35,3 

64 

.59-1 

39.7 

14 

117.3 

54.3 

84 

175-6 

68.7 

4^ 

43.7 

10.9 

i.5l  1(11 .() 

35.4 

65 

.S.i 

39-9 

35 

1.8,3 

54.4 

85 

376.5 

68.9 

4" 

44.6 

\v.-i 

i5,6 

66 

161,. 

4n.3 

16 

119.3 

54.7 

86 

177.5 

69.3 

4? 

45.6 

i\\i 

35.9 

67 

r6i,o 

40.4 

110.3 

54.9 

87 

37B.S 

6$.4 

48 

40.6 

II. 6 

08 

i(.4.e 

36  i 

68 

.63 .0 

40.6 

38 

55,1 

88 

179.4 

69.7 

49 

47.5 

11.9 

09 

105 -8 

36.4 

69 

.64.0 

40-9 

39 

55.4 

89 

186.4 

O9.9 

5.. 
5i 

48.5 

in6.7 

j6.6 

165.0 

4i,T 

36 

333,3 

55. G 

-55-:7 

J^ 

iHi.4 

49-5 

ITT 

36,9 

.65.0 

41.4 

TsT 

391 

383.4 

^T 

••1 

50.5 

11.6 

kA.i 

■66.9 

4.-6 

33 

3>5!. 

56.i 

93 

383.3 

70,6 

filial  .4 

11.8 

i3 

'ri 

73 

.67.9 

.68.£ 

41.9 

33 

116.1 

56.4 

V3 

384.3 

70.9 

S4l5».4 

i3.i 

14 

37.6 

74 

34 

56.6 

h 

385.3 

71.1 

Si  153 ,4 

■  3.3 

111.6 

37  8 

75 

169.8 

41^3 

35 

3J8.0 

56.9 

95 

186.3 

71-4 

Sb    54. 3 

n.5 

16 

1.3.6 

j8.. 

76 

.70. 8 

41.6 

36 

119.0 

96 

187.1 

71.6 

■W    55. J 

i3-8 

17 

..3.5 

58.3 

41.8 

37 

i3o,o 

h^^ 

97 

388.1 

71.9 

«    50.3 

i4-o 

iB 

1.4.5 

78 

171.7 

43.1 

38 

130,9 

57.6 

98 

389-. 

73.1 

5y    5^.. 

M.3 

'9 

ii5.5 

38!s 

■'9 

173.7 

43.3 

39 

331,5 

57.8 

99 

190.. 

73.3 

6n    :;8.> 

.4.5 

116.4 

39.0 

So 

'74,7 

43.5 

40 

131.9 

58.1 

3oo 

}91^ 

73.6 

IHil, 

.»e„. 

"[.«■, 

rii^ 

D^ 

l,»t. 

Dili, 

l>.p. 

'Lbi. 

IW.i, 

Dtp. 

Lm. 

IMM 

Uep. 

Lu. 
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TABLE  11.                                          Ii»«»ai 
Difference  of  Latitude  and  Depariure  for  15  Degrees. 

3 
4 
5 

6 

I 

9 

Lnl. 

D.p. 

Ui^i 

Lai. 

Dep. 

Dili 

Lst. 

Drp. 

Dill 

Lbi. 

Dpp. 

Dbt 

L«. 

D.p. 

01.9 

"4 

n4.6 
o5-8 
n6,8 

o8!7 
09.7 

3 

5 
8 

3 
6 
8 

3 
6 

63 
63 
64 
65 
66 
67 
66 
69 

1 
63 
64 
65 
66 
67 

9 
9 

I 

8 
8 

6 
6 

lb 
16 

.e 
16 

>7 
17 

U 

3 
6 

8 

3 
6 
9 

33 

34 

35 
36 

38 

118.8 
,19.8 

[30.7 
131.7 

[33!e 
134.6 

[35.6 

3!:6 

3i.8 
33.1 

33.4 
33.6 

33.4 
33.6 

iBi 
83 
83 
84 
85 
86 

89 
90 

174 
175 
'76 
177 
178 

ie 

i8^ 
183 
■  83 

8 
3 
8 

7 
7 

6 
6 
6 
5 

46 

47 
47 
47 
47 

48 

f, 

48 

49 

8 

4 
6 
9 
4 

7 

9 

341 

43 

43 
44 
45 
46 
47 

1 

733. 8 

333.8 
334.7 
335.7 
336.7 
337.6 
338.6 
339.5 
340  5 
341.5 

6a 
6a 
63 
63 
63 
63 
63 
64 
64 
64 

4 

e 

i3 
•4 
i5 
r6 

'9 

,0.6 
11.6 
11.6 

■  3.5 
■4.5 

■  5.5 
■6.4 
17.4 
18.4 
:9.3 

o3 
n3 
o3 
o3 
04 
04 
04 

<M 

05 

8 
4 

6 
9 

4 

7 
9 

T 

73 
74 

75 
76 

66 
69 

73 
74 

6 

5 
5 
5 
4 
4 
4 
3 
3 
3 

18 

18 

•9 
■9 

'9 

'9 

i 
6 
9 
4 
9 
4 

3] 
33 
34 
35 
36 

It 

136.5 

137.5 

138.5 

Si 

[3i.4 

■  33.3 

i33.3 
[34.3 

■  35.3 

in 

34.4 
34.7 

¥d 

35.5 
35.7 
36. 0 
36.3 

■91 

93 

i 

99 

■84 
■85 
■86 

■  87 
[88 
189 
190 

■  91 

;?3 

5 
5 
4 

3 
3 
3 

49 

5o 
5o 
5o 
5i 
5[ 
5[ 
5i 

4 
7 

5 

5 
8 

3S[ 
53 

53 
54 
55 
56 
57 
58 

34».4 
343.4 
344.4 
345.3 
346.3 
347.3 

348.3 

349.' 

350.3 

:.5[.i 

65 
65 
65 
65 
66 
66 
66 
66 
67 
67 

11 
U 

98 

12 

JO.  J 

a[.3 

33!l 

34. ■ 
a5,l 

36.1 
37.0 
aS.o 
39,0 

Ob 
o5 
06 
06 
06 
<* 

07 

4 

7 

5 

5 

B 

Hi 
Bi 
83 
84 
85 
86 
87 
88 
89 
90 

78 

81 

Bi 
B3 
84 
85 
86 
86 

9 

33 

33 

5 

3 
5 
8 

3 

i4i 
43 
43 
44 
45 
46 

% 

[37.3 
i38.i 

ir, 

.4:.o 
143.0 
I43.0 
.43.9 
144.9 

36.8 
37.0 
37.3 
37.5 

S:; 

38.3 
38.6 
38.8 

o3 
04 
o5 
06 
07 
08 
09 

1 

196 

'99 
■99 

9 
9 

53 
53 
53 
53 

53 
53 
53 
53 
54 
54 

3 
5 
8 

3 
6 
8 

4 

63 

63 
64 
65 
66 
67 
68 
69 

35a.  1 
353.1 
354.0 
355.0 
356, 0 
356.9 
357.9 
358.9 
359,1 
360,8 

67 
66 
68 
68 
68 

8 

3» 
33 

34 
35 
36 
37 
38 

^? 

77 

4i 

43 

« 

46 

47 

48 

'f, 

33.8 
34.8 
35.7 
36.7 
37.7 
3fl.6 

08 
08 
oB 
09 
09 
09 
09 

3 

5 
8 

3 

6 
8 

4 

9' 

99 

87 
88 
89 
9>' 
9' 

1 

9 

2 

8 
8 

6 
6 

33 
34 

34 

34 

34 

35 

=5 

35 
35 

6 

3 

6 
8 

i 

9 

53 

53 
54 
55 
56 
57 
58 

1 

[46:S 
147.8 
■48.8 

\tl 

■  5l.7 
t5j.6 
T53.6 
.54.5 

I':? 

40.4 
40.6 
40.9 

4['4 

I3 
t4 
i5 
16 

'9 

30J 
304 

ao5 
306 

306 
309 

8 
8 

7 

6 

6 
5 
5 

54 
54 
55 
55 
55 
55 
56 
56 
M 
56 

9 

4 
6 
9 
4 

9 

1 
74 

t 

78 

It 

B5 
86 
87 
88 
89 
90 

363,7 
363.7 
364,7 
365,6 
3(36.6 
367-6 
368.5 

70 
70 
70 

71 
73 
73 

39,6 
40.6 
4J.5 
41.5 
43.5 
44.4 
45.4 
46.4 
47.3 
48,3 

I 

6 
9 

4 
6 
9 
4 
9 

o3 
04 
o5 
06 

08 
09 

97 
98 
99 

io3 
iu4 
io5 
106 

5 
5 
5 
4 
4 
4 

3 
3 
3 

36 
3B 

38 

38 

4 
9 
4 

5 

it>[ 
63 
63 
64 
65 
66 
67 
68 
«9 
70 

i55.5 

■  56.5 

•Mi 
•.ti 

■  6[.3 
16a.  3 
.63.3 
■64.3 

41.9 
43.4 

43^5 
44 '0 

33 

34 

35 

iC 
38 

li 

Ji5 

3[6 

::^ 
319 

5 

4 
4 
3 
3 
3 

57 
57 
57 
58 
58 
58 
58 

1 

5 

5 
8 

3 
5 

37  ■.4 

»7a  ,4 
373-4 

374.3 
375,3 
376,3 

73 

?l 

73 
73 
74 
74 
74 

li 

5> 
53 
S4 
55 
56 

DLil. 

ti 

5t.3 
S>.i 
53.1 

56.0 
57.0 
5B.O 
Rep. 

.3 

t3 
i3 
i4 
i4 
'4 
14 
i5 
i5 

S 

5 
8 

3 
S 

■  3 

14 
tS 
16 

18 
19 

108 
109 

n3 
m4 
114 

ii5 

9 

9 

38 

39 
39 
39 

3o 
3o 
3o 
3i 

7 

5 
8 

3 
5 
8 

7^ 
73 

J? 

i65,3 
166.1 

169.0 
170.0 

[71.9 
173.9 
173.9 

44.3 
44.5 
4^.8 
45.0 
45.3 
45.6 
45.8 
46.1 
45.3 
46.6 

>3i 

3a 
33 
34 
35 
36 

S 

334 

335 

lie 

337 
338 
338 

;g 

33l 

9 
9 

I 

L' 

60 
60 
60 
61 
61 
61 
61 
63 

8 

3 
6 
8 

3 
6 
9 

39, 

1 

96 

,99 
3oo 

DiiT 

383^0 
384. 0 

lit'' 

m.g 
387.6 

388.8 
389.8 

75 

75 

75 
76 
76 
76 
76 

77 

Lai. 

D«p. 

Lai. 

DU..I   Dep. 

L.L 

Dill. 

Dep. 

L«l. 

D.p. 
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fpsai                                               TABLE   II. 

Difference  of  I-aiUude  and  Departure  for  16  Degrees 

Diu 

M' 

Dep. 

!)]»< 

Lm, 

Dcp. 

Uist 

Lat. 

Dep, 

Dill 

Ui. 

Dep. 

K« 

Lit, 

^^ 

6i 

56.6 

.6.6 

T76T 

33T 

187 

174.0 

49.9 

341 

33.  ,7 

66.4 

oi.9]oo 

6 

59.6 

ri7.3 

33.6 

■  74-9 

5o.i 

4a 

333,6 

66.7 

3 

B 

63 

60.6 

17.4 

33 

118,3 

33.9 

63 

175-4 

5o-4 

43 

333,6 

67.0 

4 

li.t "" 

64 

61.5 

17.6 

34 

119,3 

34.3 

84 

\1;i 

5.1-7 

44 

334,5 

67.3 

5 

o4.8 

i 

65 

61.5 

17.9 

35 

34.5 

85 

5i-o 

45 

i35.5 

67.5 

6 

o5.H 

66 

63.4 

18-a 

36 

34.7 

86 

178.8 

5i.3 

46 

i30,5 

67-8 

o6.7 

9 

fn 

64.4 

18.5 

35.0 

67 

179-8 

5i.5 

4? 

137,4 

8 

68 

65,4 

18.7 

38 

I33.0 

35-3 

88 

186-7 

5.-8 

48 

338,4 

68.4 

9 

o8.7 

5 

69 

66.3 

19.0 

39 

I34.0 

35.6 

89 

181.7 

53-1 

49 

339,4 

66-6 

09.6 

8 

70 

67.3 

.9.3 

3o 

.J5.0 

35.8 

9" 

183.6 

53-4 

5f, 

140.3 

68.9 

"■^Te"^ 

68. a 

,7:6 

■  3. 

.35,9 

36T 

191 

leTe 

■57:6 

-^ 

i4i,3 

69-1 

o3 

3 

69.3 

19.8 

33 

.36.9 

137.5 

35.4 

9* 

184.6 

53-9 

69,5 

i3 

,2.i 

o3 

6 

73 

33 

36  7 

93 

185.S 

53.  i 

53 

343-3 

69.7 

14 

1.1.5 

o3 

9 

74 

71-1 

30.i 

34 

138.8 

36.9 

94 

186.5 

53.5 

54 

344.3 

i5 

14.4 

04 

75 

71.1 

10.7 

35 

139.6 

37-3 

^ 

187.4 

53.7 

55 

345.1 

7o!3 

i6 

i5.4 

04 

4 

76 

73.1 

JO. 9 

36 

i3o-7 

37.5 

96 

188.4 

54.0 

56 

346.1 

70.6 

t6.3 

04 

7 

77 

74.0 

37 

i3i.7 

37,8 

97 

.89,4 

54.3 

57 

347.0 

70.8 

i8 

17.3 

o5 

78 

75... 

ii!5 

38 

.3a. 7 

36, 0 

98 

.90.3 

54.6 

58 

348,0 

■9 

18.3 

o5 

79 

75.9 

ai.8 

39 

.33.6 

36,3 

99 

i5i.3 

54-9 

59 

149,0 

71.4 

19-' 

o5 

5 

8? 

76.9 

Sl.l 

46 

134.6 

38.6 

100 

i5,,3 

55,  T 

6." 
a6l 

350,9 

71.7 
71.9 

55 

T 

8t 

m 

i4i 

135.5 

^:^ 

193,, 

"55:4 

06 

83 

11.6 

43 

136.5 

39.1 

194,1 

55,7 

63 

£:J 

71.3 

j3 

06 

3 

63 

79.8 

43 

137.5 

35.4 

o3 

1^5.1 

56.0 

63 

73.5 

M 

53-r 

06 

6 

64 

62.7 

■>iX 

44 

i3fl.4 

3? -7 

04 

.^6.1 

56.1 

64 

353.8 

73.8 

j5;a4.o 

06 

9 

85 

81.7 

=3,4 

45 

139-4 

46-0 

o5 

197.1 

56,5 

65 

354  .■, 

73.0 

36,a5.o 

86 

8). 7 

>3-7 

46 

140.3 

4o.j 

06 

196,0 

56,3 

66 

355.7 

73.3 

S7    rf.o 

4 

87 

83.6 

=4.0 

47 

141.3 

40.5 

07 

199,0 

57,. 

67 

156,7 

73-6 

>8.26.9 

88 

84.6 

a4.3 

46 

143.3 

4o,8 

06 

'999 

57,3 

357,6 

73,9 

!« 

89 

85.6 

a4.5 

49 

■  43.3 

41. 1 

09 

100,9 

57.6 

69 

358,6 

74-1 

08 

3 
5 

9" 

86.5 

a4-8 

5o 

144.1 

41.3 

101.9 

57-9 

70 

359-5 

74-4 

9' 

87.5 

i5.i 

i5i 

145.3 

-4T6 

103.8 

58T 

360-5 

7i.7 

3ji3o.8 

08 

S 

91 

88.4 

35.4 

5a 

146.1 

41.9 

ao3.8 

58.4 

361.5 

75.0 

33    3i.7 

09 

93 

89.4 

35.6 

53 

147.1 

41.1 

i3 

304-7 

56,7 

73 

163.4 

75-1 

34    5..7 

09 

i 

94 

90.4 

15.9 

54 

146.0 

41-4 

305,7 

59,0 

74 

163,4 

75.5 

35.33,C 

09 

6 

95 

91.3 

16.; 

55 

.49.0 

i5 

106,7 

59,3 

75 

J64-3 

75-8 

36134.0 

09 

9 

96 

9^.3 

36.5 

56 

i5o.o 

43^0 

16 

307.6 

59,5 

76 

365,3 

76,1 

37 

35-6 

97 

^3.5 

36.7 

57 

i5o.9 

43,3 

17 

3o8,6 

59,6 

im.i 

76,4 

38 

36.5 

5 

9fi 

^.a 

58 

.51.9 

43,6 

A 

66-1 

76 

367.3 

76.6 

39 

37.5 

I 

99 

55.a 

37.3 

59 

.53.6 

43-6 

'9 

iT6;5 

60,4 

79 

368.1 

76.9 

4o 

38.5 

II 

^■. 

37.6 

66 

i53.e 

44,1 

31. -5 

60,6 

8n 

3h± 

77-3 

'  4i 

'3^ 

T 

97.' 

17J 

-^ 

.54.8 

44,4 

111-4 

60,9 

"^ 

77-5" 

4i 

4o.4 

6 

98.0 

16-1 

6a 

i55-7 

44.7 

313,4 

61.3 

8a 

77-7 

43 

41.3 

9 

..3 

99.0 

38.4 

63 

i56.7 

44.9 

i3 

314-4 

6i-5 

63 

78.0 

44 

ii.3 

04 

J8.7 

64 

157.6 

45-3 

14 

3.5.3 

61,7 

84 

173.0 

78.3 

45 

43.3 

o5 

100.9 

18.9 

65 

158.6 

45,5 

35 

3.6,3 

fia.o 

85 

374-0 

78. 6 

46 

44.1 

i>6 

39.3 

66 

159.6 

45.8 

36 

63-3 

66 

374.9 

78-6 

47 

45.3 

i3 

10J.9 

39.5 

67 

160,5 

46,0 

37 

6a, 6 

87 

%■% 

79-' 

48 

46.1 

i3 

oe    .o3.S 

39.B 

68 

.6. .5 

46,3 

38 

319.1 

63.8 

86 

79-4 

49 

47.1 

■3 

09     Kd,8 

3o.o 

69 

163.5 

46,6 

39 

63,1 

89 

377,8 

79-7 

5o 
'5i 

48. T 

■  3 
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30.3 

163-4 

46,9 

3o 

63,4 

y 
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J±l 

49.0 

■4 

106.7 

3^ 

.64.4 

47.1 

33. 

63,7 

379,7 

80.1 

Sa 

5o.o 

i4 

107-7 

30.9 

73 

.65.3 

47,4 

3i 

333;o 

63,9 

9a 

8o-5 

53 

50.9 

i4 

i3 

108.6 

3..T 

73 

166.3 

47,7 

33 

334.0 

64-? 

93 

381  !6 

80.8 

54 

51.9 

i4 

(4 

109.6 

3i.4 

74 

.67-3 

48. 0 

34 

114,9 

64. 5 

94 

383,6 

81.0 

55 

kt 

i5 

i5 

110.5 

31-7 

75 

166-3 

48.3 

35 

335,9 

64.8 

95 

a83,6 

81,3 

56 

iS 

16 

111.5 

33-0 

76 

169.3 

48,5 

36 

336,0 

65,1 

96 

184,5 

81.6 

57 

54.8 

i5 

17 

11:1.5 

33.3 

46,8 

37 

337,6 

65-3 

97 

385,5 

8.-9 

56 

55.8 

16 

18 

ii3.4 

3i.5 

78 

49,1 

38 

118,8 

65.6 
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81.1 

59 

56.7 

■6 

'9 

114.4 

33,8 

79 

171.1 

49.3 

39 

339.7 

65.9 

99 
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83.4 

6o 

57.7 

16 
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86 
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49.6 

40 
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TABLE  II.                                          IPM.» 
Difference  of  Latitude  and  Departure  for  17  Degroe*. 

Dil. 

Lu. 

Dop, 

Dim. 

Lu. 

Dep. 

Dill 

Lai. 

Dpp. 

D»l 

LaL 

D.p. 

Kil 

Lm. 

Dep.\ 

i 

4 
5 
6 

I 

9 

01.9 

in 
04.8 
o5.7 
06.7 

1^!6 

^ 

3 
6 

62 

63 
64 
6'. 
66 
6^ 

69 
70 

61 
63 

63 
64 
65 
66 
66 

3 
3 

9 

17.8 
18.1 
.8.4 
18.7 

le 

19.9 

a3 
a4 
a5 
a6 

aS 

lib. 7 
.16.7 

■z.l 

iai.5 
iai.4 
133.4 
ia4.3 

35.7 
36. 0 
36-3 
36.5 
36.8 
37.1 
37.4 
37.7 
38. 0 

ibi 
Ba 
83 
84 
85 
86 
87 
88 
89 
90 

17J 

.76 

181 

9 

2 

8 

7 

53.5 
53.8 
54.1 
54.4 
54.7 
55.0 
55.3 
55.6 

14 1 
4a 
43 
44 
45 
46 
47 
48 

t 

a3o.5 
a3i.4 
>3a.4 
333.3 

•Mi 

336.  a 

337.3 

338.1 
339.. 

7a 
7a 

?3 

5 
3 

6 
9 

5 
8 

i3 
>i 
li 
i6 

\l 

19 

.0.5 
11.5 

i).4 
i3.4 

16.3 

o3 
o3 
04 
04 
04 
o5 
o5 
o5 
oS 

73 
74 

f, 

78 

6« 
69 

i 

76 

9 

9 

8 

6 
6 

I 

ao.8 
1K3 

31.6 

JI.9 

aa.8 
a3.l 
a3.4 

3a 
33 
34 
35 
36 
37 
38 
39 
40 

126.9 

127.  a 
118. 1 

ii-i 

38. 3 
38.6 

%:l 

3?,5 

40.. 
40.3 

40.6 
40.9 

191 

ii 

95 
96 

99 

181 

i83 

i84 
185 
166 
187 
188 
.89 
190 
19. 

6 
6 

5 
5 
4 
4 
3 
3 
3 

56.1 
56.4 
56-7 

57.6 

58.5 

3 
4 
55 
56 
57 
58 

340.0 
341.0 
341.9 
343.9 
343.0 
344.6 
a4S.8 
346.7 
"47-7 
a48.6 

73 
73 

74 
74 
74 
74 

1 

4 

7 

3 
6 
8 

4 

7 

a3 

12 

n'.o 
,3., 

SI 

06 
06 
06 

07 
07 
07 

08 
oB 

83 
63 
84 
85 
86 
87 
88 
89 
9° 

11 
'^ 

81 

83 

83 
84 
8S 
86 

4 
3 

ai.7 
a4.o 
a4.3 
14.6 

a5.4 
a5.7 
a6.o 
a6.3 

i4i 
4a 
43 

1 

.34.8 

■  35.8 

i3ti.8 

IS:; 

.41.5 

i4a.S 
.43.4 
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4. .5 
4. .8 
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43.6 
43.9 

o3 

□4 
o5 
06 

3 

i 
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9 

t 
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1' 

6D.a 
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61.4 
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6a 
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64 
65 
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67 
63 
69 

70 

35.-5 
aSa.S 
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354.4 
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I 

78 
78 
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6 
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34 
35 
36 
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34.4 
35.4 
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09 
09 

9' 

90 
97 

98 
99 

87 

38 
89 
90 

9' 

|3 

9 

8 
8 

6 

a6.9 

B 
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a8.4 
aa.7 
a8.9 
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5a 
53 
54 
55 
56 
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145.4 
■  46.3 

i5i.[ 
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44.7 
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45.6 
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i3 

14 
i5 
.6 

;s 

'9 
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ao9 
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61.6 
61.9 
63.i 
63.4 
63.7 
64 .0 
64.3 

1 
1 

78 
11 
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S:i 
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a63.9 
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79 
79 

31 

80 
80 
81 
81 
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81 

4i 
43 

1 

47 
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44.9 
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i3 
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o4 

o5 
06 
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99 
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5 
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3i.3 
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6a 
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64 
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66 
67 
68 
69 
70 
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156.8 
.57-8 
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16a  .6 
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48.5 
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49-' 
49.4 
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a4 
a5 
a6 

17 
a8 

g 
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L'l 
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aao 
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65.  a 
65.5 
65.8 
66.1 
66.4 
66.7 

67. a 

8a 
83 
84 
85 
86 
87 
88 
89 
90 

368.7 

S;J 

371.6 
373.5 
373.5 
374.5 
375.4 
376.4 
377,3 

8a 
83 
83 
83 
83 
83 
84 
84 
84 

5> 
53 

56 

57 
58 
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5i.6 
53.6 

54.5 
55.5 
56.4 

57.4 

M 
t5 
i5 
i5 
16 
16 
16 
17 

17 

I3 
■4 
i5 
16 

18 
'9 

M 
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ro9 

ii3 
[>4 

9 

8 
8 

31.7 
33.(1 
33.3 
33.6 

a:? 

34.5 

34.8 
35.1 

73 

'J 
31 

163.5 
164.5 
i65-4 
[66.4 
167.4 
168.3 
169.3 
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5o.3 
So. 6 

lr.t 

5i.5 

l\Z 
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5a  .6 
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3l 
33 
34 
35 
36 
37 
38 
39 

aa3 
ja.4 
laS 
aa6 

aaS 
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67.5 
67.8 
68.1 
68.4 
68.7 
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65.3 
69.6 
69.9 
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1 

378.3 
379.1 
380. a 
381. a 
183.1 
383.1 
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86 

s; 

87 
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'■fM                                            TABLE  II. 

Differeace  of  Latitude  and  DepartUM  for  18  Degrees. 

DiJi. 

Lai. 

Dap. 

DJii. 

Lat. 

D. 

■ 

Dl>i, 

Ut. 

D.p. 

Din. 

Lbt. 

Dep. 

Dili. 

L... 

D.p. 

3 
4 
5 

6 
7 
B 
9 

01.9 

03!? 
04  ..8 
o5.7 

09.5 

00.3 
00,6 
00.9 

o[!5 
01.9 

03  !5 

DJ.8 

o3.[ 

6i 

63 

63 
64 
65 
66 

69 

70 

1' 

63.8 
63.7 
64.7 
65.6 
66.6 

'9 
'9 

'9 

30 

9 

5 
8 

4 

7 

3 
6 

93 

34 

35 
38 

..5.. 
116.0 

117.9 
110.8 

131.7 

!i3:6 

38 
38 
38 
38 

1 

4 

3 
6 
9 
6 
9 

83 
83 
84 
85 
86 
87 
88 
89 
90 

"3., 
174. 1- 
175.0 
■75.9 
176.9 

I7T-8 
.78.8 

.79.7 
180.7 

56.6 

57.5 

57. B 
58.1 
58-4 
58.7 

341 
41 
43 
44 
45 
46 
47 
48 

§ 

1^:1 

i3i.. 
33a.  1 

333.0 
334.0 
334.9 

S:t 

137.8 

74.5 

75-4 
75.7 

r= 

i3 
14 
i5 

i6 

r8 
'9 

14.3 

i5.3 
16.  J 

03.4 
q3.7 
04,0 
04.3 
o4.5 

1)5.6 

^■9 

76 
78 

%i 

71.3 
73.3 
73.3 
74.3 
75.1 
76.. 

33 
33 
33 

34 
34 
14 

9 
6 
9 
5 

4 

7 

33 

33 
34 
35 
36 
37 
38 

i 

134-6 

135.5 
136.5 
137.4 

Ii9!3 
136.3 

l3l.3 
l33,3 

i33.i 

40 

4o 
4t 
41 
4. 
43 
43 
41 
43 
43 

8 

4 

3 
6 

3 

'9' 

^. 

$ 
P 

99 

.8.-7 

.83.6 
183.6 
184.5 
185.5 
1S6.4 
T87.4 
.88. 3 
T89.3 
.90.3 

?,:5 
s" 
S:S 

60.6 
60.9 
61.3 
61.5 

6i.8 

53 

53 
54 
55 
56 

338.7 
339.7 
340.6 

341.6 

343.5 
343.5 
344.4 
145.4 

146.3 

147.3 

77.6 

S:l 

78.5 
78.8 

?,\ 

Bn'.S 

3i 

i4 

11 

3D. 9 

33.8 
.4.7 

37.6 

38.5 

06.5 

a6.B 
07;4 
o8"j 

S;1 

83 

83 

84 
85 
66 

1^ 
89 

78!o 
78.9 

81.8 

83. 7 
83.7 
84-6 
85.6 

35 

i5 

36 

36 

36 

36 

3 
6 

3 
6 
9 

5 
8 

i4i 
43 
43 
44 
45 
46 

S 

134.. 
T35.1 
i36.o 
137.0 
137.9 

:gi 

.S.8 

14J.7 
143.7 

43 
43 
44 
44 
44 
45 
45 
45 
46 
46 

6 
9 

5 
8 

4 
7 

4 

i>3 
04 
o5 
06 

08 
09 

191. 3 

.95.9 
195.9 
197-8 

199.7 

63.1 

63.4 
63.7 
63.0 
63.3 
63.7 
64.0 
64.3 
64.6 
C4.9 

36. 

63 

63 

64 
65 
66 
67 
68 
69 
70 

348.1 

ir. 

35l.I 
353  .0 

i53.o 

353.9 
154.9 

355.6 
356.8 

8.. 3 
81.6 

I;:? 

81.5 

Si  .8 
83.. 
83.4 

3. 
3i 

33 
34 
35 
36 

39 
4o 

39.5 
32.4 

31.4 

33.3 
33.3 
34.5 
35.3 
36.1 
37.  r 
38. 0 

09.9 

10. '5 
10,8 

11.4 
13:4 

9' 

i 

96 

99 

86.5 

89.4 
9=4 
9,. 3 

li 

38 
38 
39 

39 

II 

3o 
3q 
3o 

4 

4 

3 
6 
9 

i5t 

53 

53 
54 
55 
56 
57 
58 

143.6 
i44.6 
.45.5 
146.5 
147.4 
1 48. 4 
149.3 
.50.3 

15..3 
l53,3 

46 

% 

47 

47 

48 
48 
48 
49 

4? 

7 

3 
6 
9 

5 

4 

t3 
i4 
i5 
16 
'7 
18 
'9 

101  ]6 

103.6 
3D3.5 

304.5 

305.4 

306.4 
307.3 
308.3 
109,3 

65.3 
65.5 
65.8 
66.1 
66,4 
66.7 

ti-i 

67.7 
68.0 

73 

73 

76 
77 
78 

357,7 
158.7 
159.6 
360.6 
361.5 
363. 5 
363.4 
»64.4 
365.3 
166,3 

SIT 

84-4 

85-3 
85.6 

y? 

4i 

44 
45 
45 
47 
48 

1^ 

tt 
43.8 
43.7 
44.7 
45,7 

46.6 
47.6 

i3.3 

i3.6 

lit 

.4.5 
14.8 
]5.i 

i5.5 

04 

o5 
d6 

08 
09 

96.. 

E 

,S:I 

TOT  .8 

T04.6 

3i 
3i 
3. 

33 
33 

33 

33 
33 
33 
34 

5 
8 

4 
8 

4 

161 
63 

63 

64 
65 
66 
67 
68 
69 

.53.1 
.54.. 

.55.0 
.56.0 
,56.9 
T57.9 
i58.g 
;59;B 
161.7 

8 

5o 

DO 

5> 
5i 
5. 
5i 
5i 
5i 

4 

3 
6 
9 
5 

i3 

34 

35 
16 

18 

1? 

3l3!o 
314.0 

"i.t 

3.6.8 
1.7.8 
ilB.7 

68.6 

^■' 
69.3 

69.5 

69.8 

71.1 

83 

83 

84 

85 
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364.3 

365.1 

366.0 
366.9 

109,8 

i  loie 

lUj 

113:5 

ii 
5i 
53 
54 
5S 
S6 

s 

46 

47 

4S 

S 

5i 
5i 
53 

54 

55 

9 

1 

6 

5 
5 
4 
3 

■9 

»3 
i3 

i3 
■4 
i5 
16 

\l 

<9 

■03' r 
104.0 
...4.9 
K.5.9 
T06.6 
107.7 

(oe.6 
109.5 

43.4 
43.8 
44.3 
44.5 
44.9 
45.3 
45.7 
46.1 
46.  r. 
_-fl'9 
Lui. 

73 
74 
75 
76 

78 

.57.4 
i58.3 

\tl 

l6r.l 
163.0 
.63.9 

r64.8 
165.7 

67.3 
67.6 
66.0 
68.4 
68.8 
69.3 
69.6 
69.9 

33 

33 
34 
35 
36 

313.6 

3,3.6 

314.5 

315.4 
316.3 

319.1 
330.9 

h 

;,.8 

91.3 
91.6 

93.0 
93.4 

93.8 

391 

96 

97 

3S 

S:8 
Si 

371.5 

"]■■ 
376.= 

m3.7 
114,1 
114,5 

;;a 

115.7 

,16.0 
116.4 

116* 
117.3 

Diu. 

D,p. 

L.^ 

DiM 

ifep. 

Dill 

l»fp. 

Lnl. 

Dij. 

Dep. 

Lai. 

Dili 

D.,. 

Ui. 

[Foi  GT  DegreM.      1 
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p«.«l                                           TABLE  11. 

Difference  of  Latitude  uid  Departure  for  24  Degreee. 

1 

Dill 

Ui. 

Dep. 

out 

Lu. 

D.p. 

Dial 

Lu. 

Dtp. 

Dill 

Tar 

8a 
83 
84 
85 
86 
87 
88 
89 
90 

L.[.  foep. 

Di« 

u.. 

D^ 

3 
4 
5 
C 

1 

3:; 

o4-6 
.,5.S 
o6.4 

09.1 

00 

o3 
o3 
04 

6, 
6a 
63 
64 
6S 
66 
67 
68 
69 
70 

55.7 
56.6 
57.6 
58-.  5 
59-4 
66.3 
61.1 
6a. I 
63. 0 
63.9 

34.8 

25.2 

35.6 
16.0 

rf.4 
16 .8 
37.3 
37.7 
18.1 
38.5 

a4 
a5 
36 

38 

31 

ITl!5 

113.4 

ii3.3 
114. a 
i]5.[ 

116.0 

;;;:? 

mS.8 

5o.4 
5d.B 
5i.a 
517 

53.1 

53.5 
53.9 

165.4 
166.3 
167.3 
1&6.1 
,69-0 
169.9 

173.7 
.73.6 

73.6 

74.0 
7i-4 
74.8 
75.3 

76.1 
76.5 

>4i 

4i 
43 
44 
45 
46 

s 

aa4.7 
335.6 

336.6 

nj:3 

98.0 

P-8 
99-3 
997 
loois 

r:? 

101.7 

i3 
i4 
.5 
.6 

iS 
'9 

•a 

i5.5 
[6.4 

17-4 
18. 3 

04 

o5 
06 
06 
□6 

74 

75 
76 

76 

65  i 

66.7 
67.6 
68.5 
69.4 

Hi 

73!  1 

38.J 

39.3 

3o.5 

ill 

iJr 

33 

33 

36 
37 
38 

1 

131.5 

.aa.4 
ia3.3 

ia4.a 
[35. a 
136.1 
137.0 

.37.9 

54.5 
54.0 
55.! 
55.7 

56.1 
56.5 
56-9 

1 

P 

99 

175^4 
178^ 

Ui'.t 

18a  .7 

78-5 

79'7 
80.1 
80.S 
80-9 
81.3 

35l 

5a 
53 
54 
55 
56 

36 1 

63 

63 
64 
65 
66 

»5 

331.  r 

333 -0 

333.0 
333.0 
334-g 
335-7 
a36.6 
337.5 
a38.4 
339.3 
340.3 
341.3 
34a.  [ 
343 -0 
343-9 

345-7 

a46.7 

103.5 

103.9 

.03.7 

104.1 
[o4^ 

:a? 

I05.8 

7^ 
106.6 
107.0 
107.4 
107.8 
106.3 
106.6 

109J 

io9J> 

»3 

19.J 

i3.e 

J4.7 
:i5.6 
a6.5 

37.4 

oB 
09 

81 
8j 
83 
S4 
85 
86 

U 

«9 

74.0 

1! 

78  ie 
79.5 
85.4 
81.3 
81.1 

in 

33.8 
34.3 
34.6 
35.0 
35.4 
35.8 

36.3 
36.6 

i4i 
43 
43 
44 
45 
46 

47 
48 

i3i.6 
i3i.5 
■33.4 

■  34.3 

■  35.3 
■36.1 
.37.0 

57.3 
57. B 
5B.a 
58.6 

li 

60.6 
61.0 

aoi 

o4 
o5 
06 

°9 

.83.6 
184.5 
185.4 
1B6.4 
187.3 
188. a 
.89.1 
190.0 
190.0 
.91.fi 

8,-8 
83-1 
83-6 
83.0 
83.4 
83.8 
84.3 
84  6 
B5.0 
85.4 

3, 
3r 
3J 
34 

35 
36 

3- 
36 

2 

,8.3 

3i.l 
3i.o 
3g.9 
33.6 
34.7 
35.6 
36.5 

I3 
i3 
i3 
14 
i4 
i5 
i5 
i5 
16 

? 

1 

99 

83.. 
84.0 
85. 0 
85.9 
86.6 
87. 7 
88.6 
■89.5 
90.4 
9' -4 

37.0 

Hi 

38. a 

38.6 

40.7 

iS> 

53 

53 
54 
55 
56 

u 

137.9 
138-9 

;39.S 

i4a.5 
143.4 
144.3 
[45.3 
146.3 

61.4 
6.  .8 

63.3 
63.6 

63.0 
63.5 
63.9 
64.5 
64.7 
65.1 

i3 
i4 
i5 
16 

Is 
'9 

.93.8 
.937 
194.5 
1^5.5 
196.4 

'99-' 

30U.1 

85.8 
86.3 
86.6 

ill 

88.7 

371 

3 

a1 

351.3 
353.1 

353.1 
354-0 
aSj.o 

355.6 

111.4 

;;;.? 

;,'K 
1.3.5 
..3., 

4i 
4i 
43 
44 
45 
46 

47 
46 

t 

39.3 

4o.3 
41.1 

43.0 
4>.9 

45.7 

rO 

'7 

iS 
iS 
'9 
'9 
■9 

7 

5 

S 

o3 
□4 
05 
06 

09 

9a.3 

4i.i 
41.5 

r. 

43.5 
43.9 

44.5 

41.7 

>6> 
63 
63 

64 

65 

66 

67 
68 
69 

70 

147.1 
148.0 
148.0 

■£■1 

i5i.6 

(53.6 
153.5 
[54.4 
[55.3 

65.5 
65.9 
66.! 

66.7 
67.1 
67.5 

U:l 

68. 7 
69.1 

33 
34 

»5 

36 

11 

3^:7 
104.6 

3D5.5 

306.5 
307.4 
30S.3 
309.3 

$11 

90.7 

91 -s 
93.3 

93-7 
93.1 
93.5 

38< 

83 

83 
84 
65 
86 

87 
68 
89 
9" 

356.7 

lUi 

359.4 

360.4 
361-3 
363.3 

363-1 
364 .0 
364-9 

„4J 

;;s 

115.5 
..5.9 
J. 6.3 
116.7 

ii7;5 

118-0 

53 

5J 

54 
55 

56 

46.6 
47  5 
48.4 

tl 

5i.i 
3i., 
53.0 
53.0 
54.1s 

s3 

13 
14 

34 

e 

4 
8 

i 

4 

I3 
i4 
i5 
16 

18 

ior.4 
log.  3 
ro3.i 
104.1 
.05. 1 
106.0 

\t:i 

10S.7 

■  09.6 

45  ie 

46. 0 
46.4 
46.8 
47.3 
47.6 
48.0 
48.4 

48.8 

171 

73 
74 
75 
76 

78 

<57.[ 
i58.a 

160.8 
161.7 
>6a.C 
163.5 

'&4.4 

69.6 
70.0 

70.4 
70.8 

71^6 

73^4 
73.8 

73.3 

33 1 

33 

33 

34 
35 
36 
37 
38 

311-9 

ai4.7 
ai5.6 
ii6.5 

317.4 

318.3 
319.3 

94.0 

h 

96.0 
96.4 

$6.8 

97.3 
97.6 

391 

i 

32S 

365-6 

366-8 
367-7 
368.6 
369.5 
370.4 

371.3 

373:3 
374-1 

iisia 

i*o!4 

130.8 

i3i;c 

Dep. 

Ut. 

Di-.. 

D.p. 

\M. 

Dial. 

Ikp. 

Lm. 

]»». 

Ikp. 

Lm. 

Dil^ 

"«t.L  !•"■  I 

[ForOeDnr—.    | 
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TABLE  II.                                          [M." 

I*. 

Ui. 

Dep. 

DilL 

Lu. 

D«p. 

Dill. 

Ut. 

Drp. 

DilL 

LbL 

D.,. 

DU. 

LU. 

D.p. 

; 

3 

5 
6 

8 
9 

i3 
i4 
i5 
|6 

i8 
'9 

o4.5 
o5.4 
□6.3 
07.3 
o8.a 

o3 
o3 
o3 
04 

4 

B 
3 

5 

4 
8 

61 

63 
64 
65 
66 
67 
66 
69 
70 

55.3 
56.3 
57.1 
58.0 
58-9 
59.6 
60.7 
61.6 
63.5 
63.4 

J6.3 

16.6 

SI 

33 

34 

35 
36 

38 

z 

'Zl 

Ml. 5 

113.4 

1.3.3 
■  ■4.1 
irS.i 
116.0 
116. 9 
117.6 

i... 
5.  .6 
5i.o 

53.4 
53.8 
53.3 

t-1 

54.5 
54.9 

83 
83 
64 
85 
86 
87 
88 
B9 
90 

■  b4.o 

165.9 

166.6 

,69.5 

76.S 

77.6 

SI 

341 

43 
43 

44 
45 

46 

47 

48 

n 

318.4 
3,9.3 

330.3 
333.0 

Vii 

3a5.7 

336.6 

io3!i 

103.5 

104.0 

>oU 
104.8 

105.3 

.05.7 

it:? 

i3!6 
i4.5 
iS.4 
i6.3 

iS.'i 

04 
o5 
o5 
o5 
06 
06 

i 

08 

5 

1 

8 
6 
5 

73 
74 
75 
76 

78 

22 

64.3 
65.3 
66.3 

%:, 
%x 

70.7 

30:4 

Si 

^::; 

3J.5 
33,0 

33.4 
33.8 

33 

33 
34 
35 
36 
37 
38 

i 

118.7 

•zx 

131.4 

133.4 

.33.3 

134.3 

.36.9 

55.4 
55.8 
56.3 

iii 

191 

t 
P 

99 

.76.7 

181.3 

8i!i 
8. .6 
83.0 
S3.4 
B3.8 
B3.3 

K 

■4.S 

S3 

S3 
54 
55 
56 
57 
58 

337.5 
336.4 

l£ 

3  i.i 

I  3.0 

3    3.9 

333.S 

a  4.7 
a  5.6 

.06.5 

■X 

108.6 
109.0 
109.5 

109,9 

33 

»6 
i8 
52 

IV. o 

>4.5 
15.4 

36.3 
17.1 

09 
09 

I 

7 
6 

\ 

3 

7 

83 
83 
84 
85 
86 
87 
SB 
89 
90 

73.4 

74.3 
75.1 
76.1 

77.0 

^ 

8.  .6 

35.5 

35.9 
36.5 
36.8 
37.3 
37.6 
38.0 

Ml 
41 

43 
44 
45 
46 

'i 
t 

.37.8 

138.7 

l33.a 
134.. 

.33.0 

.35.9 

60.0 
60.4 
60.9 
61  .S 
61.7 
63.. 

6=.5 
63.0 

63.4 

o3 
04 
o5 
06 

3 

09 

l8l.3 

183.1 
184.0 
184.9 
,85.S 
1N6.7 
187.6 
186.5 
.89.4 
190.3 

85.8 
86.3 
86.6 
67.1 
87.5 

123 

63 

63 
64 
65 
66 

S 

69 

70 

336.5 
337.5 
3364 
^-3 

34l!l 

a4a.o 

3;? 

.10.3 

110.7 

1114 

..3J 

u3i 

1.3.7 
114.: 

3> 
33 

34 
35 
36 
37 
38 

t 

39.0 

33. S 

34.4 
35.3 
36.3 

i3 
■  3 
i3 
i4 
■4 
i5 
i5 
.6 
16 
16 

5 

6 

5 

9 

91 

P 

t 
22 

99 

83.4 
84.3 
85.3 
86  1 

•-; 

S8.§ 
•«-7 

38.9 

%l 

40.1 
40.6 

41-4 

a 

i5i 
5i 
53 

54 
55 
56 
57 
58 

1 

140.5 
141.4 

143.3 
143.3 
144.1 

.45.0 

63.8 
64.3 

64.7 
65.1 

65.5 
65.9 
66.4 
66. B 
67.3 
67.6 

i3 
t4 

i5 
16 

Is 

'9 

1 

'fit 

ill 
199-4 

89,3 
89.6 
90.0 
90.4 

91.7 

'36 

93:0 

171 

73 
73 

li 

76 

77 
78 

346.5 

lili 

in-'. 

35l/) 

a53.o 

35s.O 

353.8 

115.0 
1.5.4 
115.8 
116.3 

.16.6 

i.-i^S 

4i 
i-> 

43 
44 
45 
46 

47 
48 

g 

37.1 
38.1 

li 

41.7 
43.6 
43.5 
44-4 
45.3 

'7 

\l 

18 
'9 
'9 
"9 

3 
7 
6 
4 

06 
09 

,,.5 
93.4 
»3.3 
S,3 

97.0 

51 

43.7 
43.1 
43.5 
44.0 
44.4 
44.8 
45.3 
45.6 

46.1 
46.5 

161 
63 

65 
66 
67 
66 
69 
70 

140-5 
150.4 
i5i.4 
153.3 
153.3 
■  54.1 

68.0 
68.5 

%■% 
69.7 

Toie 

71^4 
71.8 

33 
=4 
35 

36 

38 

3o4.S 
305.7 
306.6 
307.5 

3,«.5 

93.4 

5i.B 

94.3 
94.7 

95,1 

55.5 

95.9 

97.3 

38. 

83 
83 
84 
85 
86 
87 
88 
89 
90 

354.7 
355.6 
356.5 
357.4 
3  58.3 

36l!o 

361.0 

a63.fi 

,.8J 

iii! 

1 30.4 

.33]6 

•>■> 
53 
54 
55 
56 

S 

46.3 
47.1 
4B.0 

56.8 

5l.7 

S3. 6 
53.S 
54.4 

33 
33 

34 

14 

14 
j5 

6 
0 
4 
8 

5 

3 

i3 
14 
iS 
16 

18 
'9 

101  !s 
103.4 

[o3.3 
104.3 
io5.i 
106.0 
.06.9 

%-x 

48.6 
49-0 

49.4 

50-7 

76 
77 
78 

21 

.55.0 
I56.S 

.57.7 
.58.6 

S;3 

161.3 
163.3 
163.1 

73:? 
73.5 
74.0 
74.4 
74.8 
75.3 
75.6 
76.1 

33 

33 
34 
35 
36 
37 
36 

309.4 

310.3 
3l3!o 

.,7.5 

97.6 

98.0 

^.5 
96.0 
99.3 
99.7 

1^6 

101.4 

191 

1 

32 

364.6 

36i.5 
366-5 

367.4 
366.3 

171-9 

133.4 

133.6 
.34.3 
.34.7 

135.1 

.35.5 

13S« 
136^ 

.56  J 

Uu-. 

D.p. 

L«. 

IHii. 

Dep. 

LlL 

Dui. 

Dep- 

L.U 

Oi.i- 

»K>- 

L>L 

Uil 

Dep. 

Lu. 

(Fo»»Dv^     1 

r»-„.db,Google 


^n«J                                          TABLE  II. 

Difference  of  Latitude  and  Departure  for  36  Degree*. 

D»l 

Ui. 

Dep, 

DUi 

Ul 

D.P. 

Di.l. 

Lu. 

D,p. 

Ditl 

L.U 

Dep. 

Di.i 

Lw. 

Ifcp. 

3 
4 
5 
6 

S 
9 

i3 

i6 
17 
i8 
'9 

o3!6 

^:^ 

o6.3 

oe![ 
09.0 

o3 
o3 
o3 

4 

61 

63 
63 

64 
65 
66 

i 

69 

54.8 
55.7 
56.6 
57.5 
58.4 
59.3 
60. J 
6i.i 
63.0 
63.9 

17.6 
iS.i 
18.5 
38.9 
39.4 

'^i 

3o.7 

l3 

34 

i5 

16 

11 

III. 5 

U3.3 

,l3.3 

53 
53 
54 
54 
55 
55 
56 
56 
57 

5 
9 
4 
S 

7 
5 

i8> 
83 
63 
84 
85 
86 
87 
88 
89 
90 

163.7 

i63.e 

164.5 
i654 
166 J 
167.1 
168.1 
1(19.0 
169.9 

"1 

Si 

80.7 
81.1 
81.5 
83.0 
83.4 

341 

43 

43 
44 
45 
46 

47 

48 

t 

317-5 

318.4 

mi 

333.9 
333.8 
334.7 

io5.6 
106.1 
106.S 

107.0 
1074 

•ai 

108.1 
109.3 
109^ 

09,9 

ii!6 
i3.5 

i6.> 

04 
o5 
o5 
06 
06 

i 

oS 

7t 

]l 

74 
75 

76 

7fl 

63.8 
64.7 
65.6 
66.5 
67.4 

69:3 
70.1 

71.0 
71.9 

3i'.G 
33.0 
33.4 
33.0 
33.5 
33.8 

33 

33 
34 
35 
36 

U 

M9.5 
1 30. 4 

111.3 

I33!l 

134.0 
134.9 

.35.6 

58 
58 

1 

60 
60 
61 

4 

? 

7 
6 
S 

1 

97 
9a 
99 

.73.5 
■74.4 
175J 
176.3 

i 

Si: 

84.6 
85-0 
85-5 

86:2 

86.8 
87.3 
87.7 

35 1 
53 

53 

54 
55 
56 
S7 
58 

335.l> 
336.5 
337.4 
338.3 

ir. 

33l.O 

»3i.9 

333.6 

333.7 

110.5 

;:;:! 

:u.8 

m3!i 

11 3.5 
114.0 

Vi 

u 

»7 
i8 

3l!6 

aj.5 
J3.4 
34.3 
i5.3 
a6-[ 

09 

t3 

Hi 
83 

83 
64 
B5 
S6 
87 

89 
90 

73.8 

75.5 
76.4 
77.3 
78.3 

80.9 

35.9 

36.4 
36.8 
37.3 
37.7 
38.1 
38.6 

i4i 

4i 
43 
44 
45 
46 

130.7 
137.6 
.18.5 

l3l.3 
l33.I 

133.0 
133.9 
i34.fi 

63 

63 

63 
63 
64 
64 
64 
65 
65 

8 
7 
6 
4 

1 

8 

o3 

06 
09 

180.7 
181.6 
183.5 

183.4 
184.3 
i85.3 
186. 1 

s 

88.1 
88,6 
89.0 

9C.7 

1:1 

93.1 

3bl 
63 

63 
64 
65 
66 

&7 

68 
69 
70 

334.6 
335.5 
336.4 
337.3 

338.3 

3^00 
340.9 
341  i 
343.7 
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96.0 
^.5 

97-u 

i5i 

53 

53 
54 
55 
56 

U 

319,5 

310.4 
111.3 

ii3!o 
313-9 

334i 
335.7 
116.5 

317-i 

133.6 

134.. 

.34£ 
I35.I 

.35.6 

136.1 

11 

U 

35 
36 

aS 

18.4 
'9' 

IE. 9 

a3!6 
34-5 
=5.4 
36.1 

i3 
i3 
14 
14 

fl3 

83 
84 

85 
86 
87 
88 
99 
90 

73.5 

^7:8 
78.7 

39.3 

40.  J 
40.7 

41.7 
43.3 

r. 

43.6 

i4t 

43 

43 

44 
45 
46 

47 

48 
:5r 

53 

53 
54 
55 
56 

57 
58 

1? 

113.3 

;g:i 
;?S:? 

139.4 

.35.3 

l3t.3 

T33T7 
i3i.9 
133.6 

.34.7 
.35.6 
.36.4 

■  37.3 
i38.3 

6B.4 
68.8 
69.3 

70.8 
71.3 
71.8 

73.3 

73-7 

I; 

74.3 

^.6 
77-6 

o3 

04 
o5 
06 

09 

i3 

■  4 

■  5 

18 
'9 

33 

34 

35 

16 
11 

175.8 
176.7 

177-5 
.78-4 
.79.3 
180.1 
1B1.0 
181.9 

i83.7 
784:5 
185-4 
186.3 

•X 

;!;:? 

190.7 

97J 

¥ 
,113 

100.8 
101.3 
T01.8 

ioJ.3 

T03.8 

.o3.3 
103.7 

104.3 

104.7 
m5.3 
io5.7 

106.3 

.06.7 

16. 
63 

63 
fi4 
65 
66 

is 
li 

76 
78 

338.3 

319.3 

j3o.o 
i3o.o 

33. !6 

331.6 

333.5 
334.4 
335.3 

136.1 
137.0 

31 
3:S 

341-4 

343.3 

143.. 
344.0 
344.9 

.36.5 

137.0 

13B.0 
■18.5 

;?; 

i 

13.9 

l334 

i33.8 
.33.3 
1 33.8 
i34.3 
i34.8 
■35.3 
i35.7 

3i 
3j 
33 
34 
35 
36 
37 
38 

J7.I 

aS.o 
.8.9 

3i.5 
33.1 

iS 
16 
■6 
■7 

17 

IS 

iS 
'9 

9' 

i 

99 

Hi. 3 
B1.3 
63.1 
84.0 
84.8 
85.7 
66.6 
87.5 

44-' 
44-6 
45.1 
45.6 
46.. 
46.5 
47.0 
47.5 

48!s 

41 
4i 
43 
44 
45 
46 

47 
4B 

39-4 

4d.s 
4i.i 

4';  9 
43.7 

'9 

j3 
34 

o3 
o4 
q5 
06 

08 
°9 

B9.3 
90.1 
91.0 
9.  .8 
93.7 
93.6 
$4.5 

5i:J 

ill 
|:3 
S:3 

51.8 
53.3 

63 

6.1 
64 
65 
66 
67 
68 
69 
70 

.40.8 

141.7 

i4i.6 

143.4 

i44.3 

145.3 
146.1 

146.9 
147.6 

i48.7 

E 

80.5 

8..0 

8.-4 

11.1 

,,3.3 

\& 
iisi 
'Si 

.07.1 

is; 

.08.6 

!"''6 
■  ii.!5 
1111 

81 

83 
84 
85 
86 
87 
89 
90 

34bJf 
346.6 

^^ 

35o.i 
a5i* 
351.9 

353.6 

i53,6 

i36.3 
i36.7 

137.3 

137-7 
1 38.3 
i38.7 

;jli 

i4o.6 

55 

53 
54 
S5 
56 
5? 
58 

S 

44.6 
45.5 
46.4 

47. a 
48.1 

1;? 

5i.6 
Si. 5 

34 
iS 
15 
a6 
36 
37 

U 

39 

6 
6 

x3 
i4 
i5 
16 

iS 
'9 

10 

,S:5 

■or. 5 
.03.3 
.03.3 
104.1 

loS.o 

54.3 
54.8 
55.3 
55.8 
56.3 

f,:l 

57.7 
58. 3 

7' 
73 

SI 

149-6 
i5o.4 
i5i.3 

l53.3 

i53.i 
153.9 
.54.6 
155.7 
■  56.6 
157-4 

83.9 
84.4 
84.8 
85.3 
85.8 
B6.3 
86.8 
87.3 

i3t 

33 

33 

34 
35 
36 

is 
1 

303I 
304.7 

»o5.5 
306.J 

»o9.o 
309.9 

M1.5 

.i3.o 
.13.4 
1.3.9 
m44 

;a 
\'ii 

39. 

3II 

354.i 
155.4 
156.3 

3fi0.6 

361.5 
361.4 

i4i!6 
143.0 
143.5 
.43.0 
.43.5 
144.0 

145.4 

Ite. 

d™. 

L>L 

DiK 

n«. 

Lu. 

Dill 

Dep. 

Lai. 

Diti 

Dtp. 

LtU 

Dili 

Dep. 

LU. 
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i^M»«]                                          TABLE   II 

Difference  of  Lstitiide  and  Departure  for  30  Degroea. 

OlM. 

Lai. 

D,p, 

Disi. 

Lu. 

Dep, 

Dm. 

Lai. 

Dtp. 

Ui>l,|    Ul,  i   l»rp. 

Dl.,.l    L.. 

Dep. 
ia.!s 

133.0 

J  33.5 
ia4xi 
134-5 

I35.0 

3 

i 
5 
6 

8 
9 

00.9 

o>  C 
1.3  5 
o4  3 
o5.i 

1)8,7 

o3 
o3 

04 
o4 
05 

5 
5 

5 
5 

63 
64 
65 
66 
67 
68 
69 
70 

53.7 
54.6 
55.4 

56.3 
57.  J 
58. 0 
58.9 
59.6 
6i.6 

3],<> 
3i,5 
33.0 
3a. 5 
33.0 
33.5 
34,0 
34,5 
35,0 

33 
34 
35 

a6 
a8 

los!? 
106.5 

107.4 

ioS,3 
109,1 

110.9 

Ma!6 

60.5 
61.0 

61.5 
63.0 
6a. 5 
63 .0 
63.5 
64-0 
&4-5 
65. 0 

■Si 

83 

83 
84 
S5 
86 
87 
88 
69 

i56,B 
.57.6 

.58,5 

\S.i 

16. ,1 

,6a!8 
.53.7 

,64.5 

90,5 
91.0 
91.5 

i! 

Si 

43 
44 
45 
46 

47 
48 

n 

^.*,7 
309.6 
310,4 
3,1-3 

a  [3:0 

3.5,6 

3.6.5 

i3 

i5 
i6 

'9 

:2:3 

K.3 

,3,9 

14.7 

i5.6 
.6.5 
17.3 

06 
06 

09 
"9 

i 
5 
5 
5 
5 

73 
74 
75 
76 

78 

I'. 

6a, 4 
63. a 
64.1 
63 .0 
65.8 
66.7 

69.3 

36,0 
36,5 

38,5 

4o.o 

.3. 

33 

33 

34 
35 
36 
37 
38 

..3.4 
114.3 

ll5,3 

116,0 
1.6,0 

■  17,6 

■  18,6 

66.U 

66.5 
67,0 
67.5 
68.0 
68,5 

§:; 

70.0 

191 

li 

90 
99 

31 W 

165.4 
166.3 
167.. 
.6B.0 
.68.9 

5S.5 

99.0 
99.5 

Sa 
53 

54 
55 
56 

u 

59 

60 

3.7-4 
31 6-3 
3.9,. 

aao!8 

aaale 
333.4 

334,3 
335,3 

I',';! 

■  3S.O 

.38,5 

ill 

18. i 
19.1 

;n 

1.3.4 

U-7 

aS.i 
■j6.o 

3l.3 
33.0 

31.9 

33.S 
34.6 

i3 
[3 
14 

■  4 

■  5 
75- 
16 
.6 

li 
16 
19 
'9 

b 
5 
5 
5 
5 
T 
5 
5 
5 
5 

S3 
84 
85 
86 
67 
88 
89 
V> 

71.9 

73^6 
74.5 
75.3 
76.3 

77.9 

4i>-b 
4r.o 
41.5 

4a  ^5 
43.0 
43.5 
44,0 
44.5 
45.0 

t 

43 
44 
45 
46 
47 
48 

t 

ia3!o 
133,8 
134,7 
.35,6 
ia6.4 

Si 

139,0 
139,9 

70.5 

71^5 

73.0 
73.5 
73.0 
73,5 
74.0 

o3 

04 
o5 
06 
07 
08 
09 

174,1 
.74,9 
175,8 

180,1 
18E.0 
■81.9 

101.5 

.03!5 

.o3!5 

.o4.5 
.o5.o 

301 
6a 
63 

ti 

66 

69 

70 

338^6 

3,9,5 

a3o.4 
a3.,3 

333,. 

333.0 
333,8 

.3.,o 

>3i,5 

l33,<> 

i33.5 
1 33,0 
i33.5 
i34.o 
134.5 
.35.0 

3i 
33 
34 
35 
36 
3- 
36 

91 

Si 
t 

99 

78,8 

JS;I 

81.4 

83]i 
84.0 
84.9 
65.? 
86.6 

46. 0 
46.5 
47 ,0 
47-5 
43.0 
48.5 

1! 

lit 

53 

53 

n 

56 

57 

58 

i3o.8 
i3i.6 

■  33.5 

■  33.4 

■  34. a 
i35,i 

i3b,o 
i36,8 
137,7 
138,6 

7b. 5 
76.0 
76.5 

77-0 

i3 

14 
i5 
16 

•,l 

'9 

l8a,7 
[83,6 
184,5 
.85,3 
.86,3 
.87,. 

:S:l 

106^5 

107^5 
108,0 
108,5 
109,0 

a?! 

i 

78 
J? 

336^ 
337.3 

338,3 

s 

341.6 

343.5 

.36.0 

136.S 
137.0 
137.5 
i3S.o 
1 38-5 

4: 
4i 
43 
i4 
45 
46 
47 
4B 

36.4 

11'. 

II 

43.4 
43.3 

33 
33 

34 

34 

5 
5 

5 

^3 
•■4 
o5 
06 

08 
09 

B7.5 
88,3 
89.a 
90.1 

io,5 
5i.o 
5i.5 
5a  .0 
5a. 5 
53 -0 
53,5 
54.0 
54.5 
55.0 

<6, 
63 
63 
64 
65 
66 
67 
68 
69 

139,4 
i4o,3 
i4i,a 
i4i,o 
143,9 
i43,g 
i44,6 
145,5 
i46,4 
147.  a 

Bo, 5 
B..O 
81,5 
83.0 
8a. 5 
83.0 
83,5 
84 .0 
84.5 
8S.0 

a3 

34 
a5 
a6 

.91,4 

193,3 
.93,, 
.94,0 

194,9 
195,7 
196,6 
197.5 
i5e,3 
199-a 

..0.5 

..i!5 

Ml.S 

11 3.0 

11 3-5 
.14.0 
1.4,5 
ii5-o 

83 

83 
84 
85 
86 
81 
88 
89 

343.4 
344.3 

345,1 

346,o 
346.8 
347-7 
348.5 

3404 

350 

35l,l 

140,5 
141,0 
i4i,5 
i4a,o 
i4a.S 
143.0 
143-5 
i44-o 
144,5 
145.0 

5i 
53 
54 
55 
56 

44. a 
-15 .0 
45.9 
46.S 
47-6 
48.5 

ti 

5i.[ 

5:.o 

35 

16 

36 

17 

18 
18 

'9 

B 

5 
5 
5 
5 

t3 
14 
i5 
t6 

18 
19 

t>r,r 

96., 

P7.0 

Si 

101.3 
'.03;? 

55.5 

se.o 

56.5 

IK 

58,0 
58.5 

B 

73 
74 
75 
76 
77 
78 

Z 

148,. 

il; 

.5i,6 
i5j,4 
i53,3 
.54,3 
r55.o 
.55.9 

85.5 

86.0 
86.5 

87,0 

III 

B 

90,0 

33. 
33 

33 

34 
35 
36 
37 
38 

i 

300. 1 
303  ie 

303,5 

3o4,4 

3o5.3 

3n6.I 

1.5,5 
116.0 
116.5 

117,5 
..8,0 
118,5 

391 

1 

99 

353,0 

354£ 
355,5 
356.3 
337.3 
358.1 
358.0 
a5,,S 

.45.5 
.46a 
146,5 

IJll 

i48,o 
i48,S 
149-0 
149.5 
.50.0 

I.j«.|  IV,,. 

I.BI. 

Dcp, 

I.BI. 

Dill 

Dep.  1  L«l. 

Disi.l  Dep, 

.... 

Dep, 

Lu. 

[For  60  DaciOM.      | 

.Google 


TABLE   11.                                               il--c« 
Difference  of  Latitude  and  Departure  for  31  Degrees. 

DtiL    Ul 

IKp. 

,.„. 

Lu. 

Dtp. 

,«„ 

Ui. 

r>. 

l)i>i. 

Lai. 

Itep, 

Out. 

3 
4 

5 
6 

8 
9 

03 

o4 
oi 

o6 
o6 

o8 

9 

6 
4 

3 

9 
6 

o3 
o3 
04 
04 
o5 

S 
5 
6 
6 
6 

61 

61 
63 
64 
65 
66 
6? 
68 
69 

5a. 3 
53.1 

54.0 

56.6 

SI 

33.0 
33.5 

35.0 
35.5 

36.1 

11 

j3 

34 

15 
16 

i3 

lit 

3i 
33 
34 
35 
36 
37 
38 

,o3.7 

104.6 

io5.4 
106.3 

io8!o 
[08.9 

61 

63 
63 
64 
64 
65 
65 
66 
67 

8 
3 
9 

3 
3 

81 
83 
84 
85 
66 
8? 
89 
9° 

,55.1 
156.0 

:s? 

158.6 
1594 
J  60,3 
i6r.i 
163.0 

li 

94-8 

97.3 
97-9 

34i 

43 
43 

44 
ib 
46 
47 

48 
^5^ 

aoG,6 
307,4 
108,3 
109,1 

3.0,9 

3 1/6 
3.3.4 
3.4.3 

134  1 

1146 

iiS.i 

.15,7 
.16.1 
.36,7 

13^.1 
.38.9 

i3 

\i 

■  6 
■9 

09 

la 

16 
17 

4 
3 

9 
6 
4 
3 

Ob 

06 
06 
07 

09 
09 

7 

8 
3 
8 
3 

73 
74 
75 
76 

78 

Bo., 
6t.7 
6.6 
63.4 
64.3 
65.1 
66.0 
669 

HI 

37.1 
37.6 
36.1 
38.6 

4o.» 

40.7 

41. J 

113.3 

ir3.i 
■  14.0 

;;t; 

116.6 
117.4 
1 16 .3 
119.) 

ti7 
68 
68 

69 
70 
70 

5 
5 
5 
6 
6 

191 
91 
93 

t 

99 

16J.7 
164.6 
■654 
166.3 
167.1 
168.0 
168.9 

ISJ 

■  71-4 

98,4 

IU3!5 

io3.o 

15. 
51 
53 
54 
55 
56 

57 

58 

3.9-4 

13<>.3 

333-9 

139.3 

.39-8 
.3o,3 
i3<..8 
i3.,3 

.33,9 
,33,4 
133.9 

i3 

34 

.5 
»6 

i8 

39 

3ii 

"IT 

3] 

33 
34 
35 
36 

37 

i 

ii 

45 

5o 

18 

'9 

33 

u 

)5 

£ 

3o 
3i 
3i 
33 
34 
3"5" 
36 
36 
37 
33 
39 
41 
4i 
43 
4j 

9 
6 

i 

9 

4 
3 

9 

? 

4 
3 

9 
6 

4 
3 

9 

',3 

i3 
14 
r4 
i5 

ie 

■9 
'9 

»3 

a3 

34 

>4 
=  5 

35 

3 

B 
4 

! 

9 
4 

5 
5 
5 
6 
6 
6 

8 

83 
84 
85 
86 

ll 
89 
9^ 
9' 

99 

o3 
o4 
o5 
06 

d8 
09 

71.1 

71.0 

74.6 

ti 

77. 1 

41.7 

4i  1 

43.7 
43.3 
43.6 
44.3 

44.8 
45.3 

45.8 
46.4 

i4i 
43 
43 
44 
45 
46 

47 
48 

t 

I30.9 
131  !6 

)33.4 

114.3 

ii5,i 

136.0 

136.9 

118  !6 

74 
74 

75 
76 

6 

7 

I 

o3 
04 
o5 
06 
07 
08 
09 

173,1 

174.0 

176.6 

io3.5 
104,0 
104.6 
io5,i 
io5,6 
106,1 
106.6 

\o-,'.6 
108.1 

36. 
63 

63 
64 
65 
66 

S 

6, 

"4*6 

ii5-i 
336,3 

138.9 
339,7 
33o,6 
13..4 

1344 

It? 
l36,o 
i36,5 

iii 

i385 
.3q.i 

78.0 
78. 9 

81.4 

Si. 3 
63.1 
84.0 

46.9 
47.4 

48., 

t:i 

5o.5 

5l.Q 

5i.5 

5i 
53 
54 
55 
56 
57 
58 

139-^ 

133.3 
>3i.j 
i3i.o 

■  34.6 
i35.4 
|36,3 
i37.. 

77 
78 
78 
79 

22 

80 
81 
81 
81 

8 
3 
8 
3 
8 
3 

9 

\\ 
14 
i5 

16 

18 
'9 

181,6 

r834 
184,3 
i85,i 

187.7 
188,6 

108,7 
109.1 
109,7 

110.7 

111,8 
111,3 
111.8 
113.3 

371 

?3 

74 

75 
76 

78 
79 

333,3 

333.1 

334,0 

m 

i36  6 
137.4 
338.3 
339,. 
140,0 

139.6 

140.6 
i4i.i 
.41.6 

.43.3 

143-7 
.43.3 
.43-7 
i44-a 

86.6 
87.4 
88.3 
89.T 
9.^,0 
90.9 

53.5 
53.0 

53.6 
54.1 
54.6 
55.1 
55.6 
56.1 
56,7 

63 
63 
64 

65 
66 
67 
68 
69 

.40.6 
143. 1 

I44.0 

Hi 
83 
84 
84 
85 
85 
86 
86 
87 
87 

I 

5 
5 
5 
6 

13 
34 

j5 

36 

157 
33 
33 
34 
35 
36 
37 
38 

.894 

■,3.0 

.54.6 

•ti 

1,6-3 

198.9 

101,4 
103,3 

io3.] 
3o4o 
304,9 
lo5,7 

11 3.8 
1.4,3 

\\n 
;;i:2 
;;;:3 
"11 

"0:5 

iit!5 

.33£ 
.33,1 

133,6 

381 

83 

83 
84 
85 
86 
87 
88 
89 
9" 
39. 

?l 

,4 

3S 

340,9 

343.4 
344.3 
345.1 

346.0 

;s 

348.6 

.44.7 
145.1 
145.8 
.46,3 

■  46,8 
<47.3 
147,8 

■  48.3 
.48.8 

5. 
Si 
S3 
54 
55 
56 

43 

44 
45 
46 
47 
48 
48 

5i 

I 

4 
3 

9 

I 
4 

j6 
j6 

18 
18 
39 

3n 

3 
8 
3 
8 
3 
8 
4 

4 
9 

I3 

■  4 
.5 
tO 

■  8 
'9 

DiiT 

96.0 
96,9 

97-7 

1! 

roi.9 

57 -> 
57-7 
58.1 

1= 

66.3 
60.8 
61.3 
61.8 

[71 

73 
74 
75 
76 

?S 

,46.6 

i5i.6 
r53.4 
.54.3 

88 
89 
89 
90 
90 
9' 
9' 
93 
9a 

6 
6 
6 

349-4 
35?,3 

35.. 3 

li 

354.6 
155,4 

356,3 
357.1 

;i'3 

t53,o 
I54.S 

IW 

..a,. 

L>l. 

Disi 

Dep, 

L.. 

Diit 

D«. 

L«i, 

Uiil 

Dtp-I    1^.1 

(For  59  Dtgntt.      \ 

r»-.,i.db,Google 


!•■*•«)                                          TABLE  II.                                                     j 
Difference  of  Latitude  and  Departure  for  3*  Degreea.                         j 

Dui. 

LW. 

Dep. 

Ditt. 

L«. 

D«p. 

Dist 

Lu. 

D.p. 

DiM 

Lai. 

D.p. 

Uiil 

Lil. 

;S:; 

,18.8 
">3 

■Si 

i3i.e 

i3a.5 

i33.5 

i34.i 
i34-6 
.35.1 

:S:: 

■  36.7 
i37.a 
.37.8 
73873 
i38.8 
139-i 

;]?! 

l4l:5 

143.0 

143.5 
143-1 

3 
4 
5 
6 

I 
9 

oo 

o4 

o5 
o5 
o6 

o8 

8 

I 

4 

§ 

6 

5 

o3 
o3 
04 

04 
o5 

63 
64 
65 
66 
6? 
68 
69 

5] 
53 

54 
55 
56 
56 

59 

I 

4 
3 

8 

5 
4 

33.9 

334 
33.9 
34.4 
35.0 
35.5 
36.0 
36.6 
37.. 

a3 

34 

a5 
a6 

11 

io3!5 
.04.3 

io5.a 
io6.(> 

io8!6 
.09.4 

64 
65 
65 
66 
66 
67 
67 
68 
68 

.81 

8a 
63 

r> 

86 
87 

89 
90 

.54.3 
.55.* 
.56.0 

:S? 

.58.6 

i59-( 
.60.3 
16... 

970 
97.5 

100.7 

M. 

43 

43 
44 
45 
46 

47 
48 

t 

304.4 
ao5.a 
ao6.i 

107.4 
ao8£ 
a,.9.5 
ai<>.3 

3i4£ 
a. 5.4 
ai6.3 
a. 7.1 
117.9 
ai8.8 

::s 

331.3 
333.3 

3a3.o 

333.9 

im 

316.4 
337.3 

aa8.i 

i3 
14 
:5 
i6 

09 

I3 

14 
i5 
16 

9 

I 

4 
3 

06 
06 
07 

09 
09 

75 

7* 
78 

61 

61 
61 
63 
64 

65 
66 
67 
&7 

6 
5 

3 

8 

i 

40.6 
4i.3 

11:2 

i3i 
3a 
33 
34 
35 
36 
37 
38 

;;;:! 

.i3.6 

114.5 
1.5.3 
116. a 

69 
09 

70 
71 

73 
73 

.71 

76 
76 
77 

;s 

79 
79 

191 

9^ 
93 

t 

99 

16a  .0 
J  69 .8 
J  63.7 
.64.5 
165.4 
i66.a 
167.. 
.67.9 
166.S 
.69.6 

;H:3 

ioa.6 
io3.3 

I'oj:? 
104.9 
.05.5 
1.16.0 

a5l 
5a 
53 
54 
55 
56 

u 

Ga 
63 
64 
65 
66 
67 
68 
69 

a3 
a6 

55: 

'9 

i3 
34 
a5 

6 

5 
4 

9 

6 

4 

■  3 
i3 
i4 
i4 
i5 
r5 

81 
Sa 
83 
84 
85 
86 

B9 

69 
70 

I 
4 

i 

6 
5 
3 

a:? 

45.0 
45.6 
46.1 

tl 

47-7 

i4i 

4> 
43 
44 
45 
46 
47 
46 

119.6 
rio.4 

131.3 

.33!o 
ia3.8 

Wtl 

.a6.4 
137.3 

04 
o5 
06 

09 

,70.5 
171.3 

■Is 

.76.4 
.76!. 

.0G.5 

107.6 
108.. 
108.6 
109.3 
109.7 

i.o!8 
II. .3 

3i 

3i 
33 
34 
3S 
36 

37 

38 

26 
aS 

3r 
3i 
33 
33 

3 

8 

5 
4 

9 

16 

Ib 

t6 
'9 
19 

91 

93 

99 

7. 

83 
«4 

9 

I 

4 
3 

8 

46. 3 
46.8 

5..:9 

5,-4 

tl 

53.(. 

5a 
53 
54 
55 

56 
57 
58 

.38.1 
138. J 

.a9.fi 

.3^.6 
.3t.4 

i3a.3 
133.1 
I34.0 
.34.8 
135.7 

eo 
60 
81 
81 

8a 
6a 
83 
83 
64 
84 

i3 
14 
.5 
.6 

18 
■9 

.60.6 

16 1.5 

iSiia 
.84.0 
184.9 
.85:? 
166.6 

iia.3 

115.0 
ii5.5 
1 16.1 
.16.6 

371 

76 
77 
78 

»9.a 

a3a.4 
a33.a 
a34.. 

335!? 
=36.6 
3  37-5 

143.6 
144-1 
144-7 
.45.3 
.45.7 
.46.3 

:s 
X 

4i 

43 

43 

44 
45 
46 
47 
45 

Si 
^J 

53 
54 
55 
56 
5? 
58 

lli-i 

34 
35 
36 
37 
38 
3V 
39 
4o 
4' 
A' 

S 

5 
3 

6 
4 

a3 
i3 

j5 

56 

=6 

1 

3 
8 
4 
9 

5 

o3 
o4 
o5 
n6 

08 
09 

66 
87 
88 

SI 

9" 
91 

11 

5 
3 

9 
I 
4 
3 

53,5 
54.. 
54.6 
55.1 
55.6 
56.1 
56.7 
57.3 
57.8 
58.3 

1; 

63 
64 
65 
6G 

69 

70 

136.5 
■37.4 
t38.3 

:ii 

i4i.6 
l4a.5 
.43.3 
.44.3 

85 
85 
85 
86 
87 
86 
86 

n 

90 

a3 

14 
a5 
a6 

a8 

.934 

no  J 

iao.8 
iai.4 

38 1 

83 

83 
84 
85 
86 

ll 
69 
90 

338.3 
339.. 
34o/> 
a4o.8 
34.. 7 
l4a.5 
343.4 

344-3 

345.1 

.48.9 
149^ 
.50.0 
.5o.S 
i5t.o 
i5i.6 
iSa.i 
i5a.b 
153.1 
.53.7 

43 
44 
44 
45 
46 
4? 

1 

5o 

4 

2 

6 
5 
3 

9 

37 
»8 
i8 
39 

3o 
3i 
3i 

6 
6 

7 
3 

[3 
[4 
i5 
.6 

11 
<9 

99 

S 

5 
4 

59:4 
59.9 
60.4 
60.9 

6a. 0 
6a. 5 
63.1 
63.6 

IT 

11 

74 
75 
76 

78 

145.0 

147.6 

148.4 
149.3 
i5o.i 
.5i.u 
iSi.B 
i53.5 

90 

91 

9' 
93 

53 
93 
94 

^5 

3a 
33 
34 
35 
36 

ll 
39 
40 

.»S.9 
io3!s 

iaa.4 

ia4.0 
134.5 

.35.. 

ia5.6 

136.1 

136.7 

39, 

P 
3S 

346-8 
35]J) 

.5,., 
a5a.7 
153.6 
154.4 

i54.a 

■Mi 

155.8 
156.3 

11 

Dn>. 

L«. 

DUk 

d™. 

Ui, 

Di>i 

Ifep. 

L... 

Ihii. 

0,,. 

Lbi. 

Dill 

Db,. 

Lm. 

Cror69Dfr^     | 

ib,  Google 


TABLE   11.                                              ["Viw 
Difference  of  Latitude  and  Departure  for  33  Degrees. 

Uiii 

Lai. 

De,,. 

Dill. 

U. 

Dep. 

Di.,. 

Ui. 

D.p. 

Dui. 

Lbi. 

Dep. 

Dill 

Lu. 

D.p. 

3 
4 

5 
6 

8 
9 

o4 
c5 
c5 
o6 

I 

4 

9 
5 

4 

o3 
o3 
04 
o4 
o5 

6 

i 

8 
4 
9 

4 

5 
6 

3 
8 
3 
9 

63 

63 
64 
65 
66 
67 
68 
69 

53 

5a 
53 
04 
55 
56 
57 
57 
58 

S 

5 

4 

9 

33.3 

33.8 
34.3 
34.9 
35.2 

38.1 

33 

34 
35 

36 
98 

z 

!o3 
104 
104 
io5 
■  06 
107 
108 
■09 

5 
3 

5 
3 

66 
67 
67 
68 
68 

69 

3 

5 
6 

3 
8 

83 
84 
85 
86 

ll 
89 
90 

1S3.6 
i53.5 
i54.3 
i55.3 
156... 
.56.8 
157.7 
i.SB.S 
.59.3 

98.6 
99' 
99.7 

,00's 
101.3 
101.8 

103.4 

>4. 
43 
43 
44 

47 
48 

ao3!o 
303.8 
3o4,6 
3o5,5 
306,3 

3o8',o 

308,8 
309,7 

|3,.3 
i3i.8 

i33,3 
133.9 
.33.4 
.34.0 
.34.5 
i35.i 
i35.6 
■  36.3 

i3 
■4 

i5 

]l 
'9 

i4 
iS 
i5 

■6 

9 
6 
4 
3 

8 

06 
06 

08 
08 
09 
09 

73 
74 
75 
76 

S2 

61 

6s 
63 
63 
64 
65 
66 
67 

S 
4 

; 

6 
4 
3 

38.7 

!i 

4".  8 
41.4 

3:1 

43.0 
43.6 

,3. 
3= 
33 

34 
35 
36 
37 
38 
39 
40 

109 

ii3 
114 

ii5 
.16 

9 

1 

4 

9 

I 

4 

71 
71 

73 
73 
74 

li 

76 

3 
9 

4 

5 
6 

191 

i 

9S 
99 

160.3 

161.0 
161.9 

16a  .7 
j63.5 
.64.4 
165.3 
166., 
166.9 
167.7 

104.0 

104-6 
105.1 
105.7 
106.3 
106.7 
107.3 
107.8 
1084 
106.9 

35, 
53 

53 

w 

55 
56 
57 
58 

310,5 
311.3 

3lXo 
3  13,9 

314,7 
3i5,5 

3  J  6.4 

.36-7 
.37,3 
.37.8 
i38,3 
i38,9 
139,4 

l40,D 

140.5 
.4.^6 

a3 
>5 

a8 
1^ 

'9 

:.4 

25 

3 

8 
6 
5 
3 

i3 
i3 
>4 
i4 
.5 
i5 
16 

4 

5 
6 

8 
3 

83 

83 
84 
85 

87 
B8 
S9 
90 

67 
68 
69 
70 
71 

11 

73 
74 
75 

8 

4 
3 

6 
6 
5 

44.1 

44.7 
45.3 
45.7 
46.3 
46.8 
47.4 
47.9 
48.5 
49.0 

i4i 
43 
43 
44 
45 
46 

47 
48 

118 
[19 
"9 

133 
134 
(35 
135 

3 

I 

6 
3 

8 

76 

78 
79 

8d 
81 
81 

8 
3 

9 

4 

5 
6 

o3 
04 
d5 
06 

08 
09 

,58.6 

\%i 

171.. 

;?;:! 

.73,6 
■74.4 
175.3 
176,1 

'^-5 

iio!6 
111.7 

ii3!3 
113.8 
114.4 

63 

63 
64 
65 
66 
67 
68 
69 
70 

3.8.9 
319.7 

3  30.6 
3314 

3a3!i 

3  33.Q 
334i 

aa5.6 

336.4 

.43.3 

'.'£ 

143.8 
144,3 
144,9 
145.4 
.460 
146.5 
147.1 

3] 
33 

34 
35 
36 

37 
36 

36 

»7 
28 

12 

3i 
3i 
3i 
33 

8 

5 
4 

9 
5 

16 

]8 

'9 
19 

I 

5 
6 
7 
8 

91 

1 

96 

99 

76 

78 
78 

It 
81 
83 
83 
63 

J 

5 
4 

9 

50.7 

5i.a 
5i.7 
53.3 
53.8 
53.4 
53.9 
54.5 

i5i 

53 

53 
54 
55 
56 
57 
58 

136 

\ll 

i3o 
i3. 

l33 

133 
134 

6 
5 

3 

3 

5 
3 

83 
83 
83 
83 

B4 

85 
85 
86 
86 
87 
87 
88 

89 
89 
90 
9' 
9' 
93 
93 

8 
3 
9 

4 
5 
6 

8 
3 
9 

5 
6 

Is 

>4 

15 

16 

18 
'9 

i3 

34 

35 

16 
38 

12 

I77-0 
■  77B 
17B.6 
179-5 
180.3 
181.3 
183.0 

i83.a 

i83,7 
184.5 

116.0 
116.6 

Wli 

118.3 

1.9:3 
119.8 

.ao.4 

ii! 

I33!5 
133.1 

133,6 

134.3 

371 

73 
74 

83 

83 
84 
85 
86 
87 
68 
89 

337.3 

338.1 

339.0 

339.8 

330.6 
331.5 

333,3 
333.3 

334.0 
334,8 

;s 

340.7 

34. .i 
a4a.4 
343,3 

.47.6 
J48.1 
148.7 
149.3 
14^8 
152:3 
i5o.9 
i5.,4 

.53.0 

.53.5 
i5Jj) 
1.53.6 
i54.r 

.55.8 
.56.3 

f:? 

.57,9 

4i 

4a 
43 
44 
45 
46 

34 
35 
36 
36 
37 
38 

4i 

4i 

4 

9 

6 
4 
3 

9 

33 

U 
34 
a5 
15 
j6 
36 

5 

6 

7 

o3 
04 
o5 
06 

08 
09 

84 
85 
66 
87 

88 
89 
9° 
9' 
93 

5 
4 

9 

6 
4 
3 

55.0 
55.6 
56.1 
56.6 

l;i 

58.8 
59.4 

i6r 

6a 
63 

64 
65 
66 
67 

69 

70 

i35 
i35 
136 

\ll 
139 

i4o 
i4i 

143 

9 

5 
4 

9 

I 

.85.3 
186.3 
187.0 
187.9 

;S",:l 

190.4 

19. .3 

193.1 

193,9 

5. 
5i 

53 
54 
55 
56 

U 
U 

4j 
43 
44 
45 
46 
47 
47 
48 

6 

3 

8 
6 
5 

3 

;5 

38 

3o 
3[ 
3i 

33 

3i 

8 
3 

3 

5 

6 

1 

9\ 

i 

96 

99 
99 

4 
3 

6 

60.5 
6t.o 
61.5 
61.1 
63.6 
63.3 
63.7 
64.3 
64.8 
65.4 

73 

1 

78 
79 
80 

i43 
i44 
145 
M5 
.46 
■47 
[48 

IS 

i5r 

4 
3 

t 

6 
4 
3 

94 

i 

96 
8 

7 

3 
9 
4 

? 

33l 
33 

33 
34 
35 
36 
37 
38 

31 

.93.7 

■94.6 

196.3 

.97.1 

ill 

300.4 

301.3 

135,8 

.36,4 

i-H 

.38,5 

l3o,3 

i3o,7 

391 

1 

32 

344.. 
344-9 

346!e 
347.4 

348,3 

349,: 
351.6 

.58,5 
.59,0 

160,1 

l6l!3 

i6i3 
■63.3 
163.8 

i634 

Di*L 

D... 

I.al. 

Di51. 

Dep. 

I.aL 

IKiI 

Dep. 

u,. 

Dul. 

Dep. 

Lu. 

Dill 

D.^. 

Lu. 

[Tor  67  DcfTMi.      1 

„.db,Googlc 


pm»*>J                                         table  II. 

Differancs  of  Latitude  and  Departure  Tor  34  Degreea. 

Di« 

Ul 

D«p. 

Di.i. 

L... 

D,,. 

Dl«l 

Lat. 

Dep. 

Diit. 

Lii. 

D.,. 

Dix, 

hv- 

D^. 

3 
4 
5 

6 

I 
9 

03^5 

o3.3 
04.1 
o5.o 
o5.8 
06.6 
07.5 
o9.3 

o3 
o3 
<>4 
o5 
o5 

6 

7 

8 
4 

1 

6 

6. 
61 
63 

64 
65 
66 
67 
66 
69 

5o 
5l 

53 

S3 
53 

56 

12 

6 
4 

9 

5 
4 

34., 

li.i 

35. S 
36.3 
36.0 
37.5 
38.0 
38.6 
39.: 

33 

34 

a5 

36 
»7 
36 

Io3 
104 
io5 
io6 
106 

3 

8 
6 

5 
3 

i 

67 
6fi 
68 
69 
69 

7> 
7a 

8 

3 

! 

6 

83 
83 
84 
85 
86 
87 
88 
89 
90 

i5o.. 

;S:; 

.53.5 
.534 
i54.3 
.55.0 
.55.9 
i56.7 
157.5 

101  !e 
101.3 

Zli 

.04,0 
.04,6 
io5,i 
105.7 

io6.3 

14 1 
43 
43 
44 
45 
46 

47 

48 
^5^ 

.99,8 

30K5 
103.3 

103.1 

3^,1 

31.5.6 

3<>64 

307,3 

,34^ 
r35J 

.37,0 

i3 

■  4 

>6 

\l 
19 

09.1 

09.9 

ii!6 
:i.4 
i3.3 
:4.i 
14.9 
.5.6 
16.6 

06 
q6 

06 
08 
09 

i 

8 

4 

1 

6 

71 

11 

74 
75 
76 
77 
78 

SI 

58 
6, 

63 

63 

63 
64 

65 
66 

9 

? 

3 

8 

5 

3 

4o.6 
4i.4 

t:l 

43.1 
43.6 
44.3 
44.7 

i3i 

33 

33 

36 

37 
36 

i 

109 

ii3 

it4 

ii5 

[i6 

6 

4 
3 

9 

6 
4 

73 
73 
74 

i 

77 

8 
4 

t 

6 

3 

191 

1 

99 

158.3 

:^:: 

i6o.e 
161.7 
163.5 

.63.3 
."64.. 
[65.0 
.65.8 

.06.B 

107.4 

109.0 

,og£ 

i.i"3 
1.1,8 

35l 
55 

53 

54 
55 
56 
57 
58 

306.9 
309.7 

3l<j£ 
31.4 

IWl 
3.3,9 

V.ii 

140.4 

i4ix> 
141.6 
.43.1 
.43,7 
144.3 
144.B 
.45.4 

33 
34 

35 

H 

19.1 
.9.9 

3,'.6 

33.4 
33.3 

34.0 
34.9 

3 

J 

5 
8 

81 
81 
83 
64 
85 
86 
87 
88 
89 
90 

67 
66 
68 
69 
TO 

73 
73 
74 

8 
6 
5 
3 

6 
6 

4!>.3 
45.9 
46.? 
47.0 

r. 

4B,6 
49-" 

t4i 
43 
43 
44 
45 
46 
47 

48 

116 

118 
119 

133 

134 

9 

2 

4 

9 

5 
4 

7B 
Jl 

80 
81 

8. 
63 
83 
83 
63 

4 

5 
6 

3 
9 

o3 

06 

09 

106.6 

Si 

.69.1 

171.6 

173.4 

1.34 
11 3,0 
ii3,5 
m4.i 

I  [4.6 

1.5.3 

1.5,8 
116.3 

61 
63 
64 
65 

66 
67 
68 
69 

3.0,4 

331.4 

"3:0 
333,8 

IS? 

148.7 
149J 

151.0 

33 

33 

34 
35 
36 
37 
3B 

]? 

4. 

43 

43 
44 
45 
46 
47 
46 

"57 

53 

53 
54 
55 
56 

INii. 
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153.9 

153.? 

106,4 
107,0 
107,6 
108.3 

IS 

111.7 

113.3 

;;n 

iij^ 
114.6 
11 5,3 

115.8 
116,4 

.17:6 

341 
43 

43 
4a 
45 
46 

47 

48 

195.0 
1958 

196,6 

300  6 

141.7 

143.3 
143.8 

■43.4 

144.0 
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I 

u 

99 

99 

lo3 
[d3 

6 
4 

8 
6 
4 

8 

73 

',1 

75 
75 
76 
77 
77 
78 

4 

6 

B 
4 

6 

83 

83 
84 

85 
86 

II 
89 
9" 

144.6 

■  45.4 

■  46.3 
146.9 

;&; 

108.9 

ii3,i 

113,7 
114,3 

.45-'. 
145,6 
■  46,3 
i46,M 

i48,<.' 
148.6 
149.3 

i3 
i4 

i6 
17 

'9 

i3 
i4 
■  5 
i6 

0 
6 
4 

6 
4 

Ob 
07 

09 
09 

6 

8 
4 

6 

8 
4 

7a 
73 

1 

78 

|; 

6i!5 
63.3 
63.1 
63.9 

4a 
43 
43 
44 
45 
45 
46 
46 
4? 
48 

■  3i 

33 

33 
34 
35 
36 
37 
38 
39 
40 
i4i 

43 
44 
45 
46 
47 
48 

1' 

53 
53 
54 
55 
56 
57 
58 

104 
io5 
106 

luS 
1.19 

ii3 
m4 
<i5 
ii5 
116 

ii 

6 
4 

I 

6 
4 
0 

4 

4 

6 
6 
4 

8 

78 

Jo' 
80 
B> 
81 
83 
B3 
83 

84 
84 
85 
86 
86 

s; 

8S 

SI 

90 

8 
4 

6 

B 
4 

3 

! 

i 
? 

3 

191 

i 

99 

o3 
o4 
o5 
06 

09 

!53:3 
154.1 

'.\n 

i56.5 
157.3 
[5B.1 
158,9 
.59,7 
160.5 
16.  .3 
163.1 

164.5 
165.3 
166.1 
166.9 
167.7 

•:.n 

>|6.3 

m6.S 
117.4 
118,0 

130.4 
13  1^6 

llaie 

133-i 
134.0 

134.6 

135,3 

135.8 
136,4 

53 

53 
54 
55 
56 
57 
58 

L' 

167 

63 

63 
64 
65 
66 
67 
68 
69 

i5i.7 

1 51.:; 
153,9 

153.5 
i54.i 
154.7 
155.3 
155.9 
156.5 

a3 

34 

i 

'9 

'3 

14 

e 

6 

4 

8 
6 

4 

i3 
i3 

i4 
[5 
i5 
16 
16 

4 
6 

i 

1 

Bi 
8i 
83 
84 
65 
86 
87 
88 
89 
9" 

6'.!  5 
6L..3 
67.1 
67. y 
68.7 

S:i 

71.9 

5.' 
5o 
5. 
5, 

53 

53 
53 
54 

■  57-1 

;S:I 

'58.9 

160.1 
160,7 
t6i,3 

is::! 

3i 
33 

34 
35 
3(i 

37 

3a 
39 
4r. 

14 
i5 
j6 

16 

3i 
3i 

B 
6 
4 

8 

5 
3 

9 

18 
'9 
19 

33 

?4 

3 
? 

3 

? 

3 
9 
5 

i 

9' 

92 
93 
94 

99 

74.3 
75.1 

;^:? 

77.5 
78.3 
79.1 
79.9 

i4 
55 
56 
56 
57 
57 
58 

1 

133 

133 
134 
135 
136 

4 

8 
6 
4 

8 

90 
9' 
91 

i 

95 
96 

I 

3 

i 

t3 

■  4 

iS 
;6 

18 
'9 

16B.5 
.69.3 
170.1 
170,9 

17j!5 
173.3 
174.1 

136,3 

138,8 

Si 

i3o-6 

■  3l.3 

i3i.8 
i33-4 

■  33-6 
i34.3 
134.8 
t35,4 
i36.o 
i36,6 

l37.3 

i37,B 
i38,4 

73 
74 
75 
76 

78 

3i8!8 

333,8 
333,6 

'X 

,64,3 
.64,9 
i65,5 
166,1 
166,7 
167,3 
167,9 
■68-5 

4i 
43 

44 
45 
46 

33 
34 
35 
35 
36 
37 
38 

1 

4i 
4» 
43 
43 
44 
45 
46 
47 

5 
3 

9 

5 
3 

9 

1 

3 
9 

5 
3 

9 

ab 
17 

38 
38 

3? 

o3 
04 
o5 

09 

83m 
83.9 
84.7 
85.5 
86.3 
67. i 
87.8 

61 
63 
63 
63 
63 
64 
65 
65 
66 
66 
67 
68 
68 

^ 
69 

lOl 

63 

63 
64 
65 
66 

S 

69 

73 

73 

74 

'-,1 
11 

138 

;g 

i3] 
i3] 

l33 

i33 
i35 

If, 
ii 

140 
14 1 
143 
.43 
143 

b 
4 

8 
6 
4 

8 
6 

8 
6 

4 

9t' 

98 
99 
99 

i 
? 

3 

33 

34 
j5 
36 

38 

177.3 

.78.1 
„«., 

II 

l83!l 

83 
83 
84 
85 

87 
88 
89 
90 

334,4 
335-3 
336,0 
336,8 

'X 

330.8 
33 1.6 

IS 

5i 
5= 
53 
54 
55 
56 

57 

M 

3o 
3i 
3i 

35 

33 
33 
34 
34 
35 
36 

3 

I 

I 
1 

t3 
i4 
i5 
16 

Is 

■9 

88.6 
89.4 
90,3 
91.0 
9" -8 

^3:4 
94.3 

95.6 

1^ 
104 
io4 
io5 
io5 
106 

108 

? 

3 

? 

3 

33  1 
33 

33 
34 
35 
36 
37 

1 

184.5 

i85.3 
166.1 
,86,9 
187-7 
188.5 
.89.3 

190.9 
.91.7 

,39.0 
,3^.6 
140,3 
i4o,8 

i43!6 
143.3 
i43,8 
1444 

391 

1 

333  _4 
333.3 

.'IS 

335.6 
336-4 
337.3 
338.0 
33B.8 
33,-6 

Ii 

i;e.. 

178.7 
■79-3 

179.9 
180,5 

Dl>i. 

mp. 

La,. 

Disi 

llep. 

^ 

1. 

Dijl, 

n.p. 

Ui. 

IJisv. 

l..p. 

Lbi. 

IMm. 

,"!E. 

L»i- 

.,  C"itK>^lc 


'»••**]                                          TABLE  II. 

Dill 

Ui, 

Dep. 

Dill. 

Lu. 

Dep. 

Diti 

t«i. 

Dep. 

DI>i. 

Lbi. 

D.p. 

Di>l. 

La..     Dap  I 

3 

i 

6 

I 
9 

oo.a 

01.6 

03.4 

o3.j 
o3.9 
04-7 
d5.5 
06.3 
07,1 

04 

o4 
o5 
06 

6 

8 
5 

3 

t 

63 
63 

66 

a 

5j 

4tl 
46 

£ 

5. 

53 

5» 
53 
54 
55 

i 

4 

8 
6 

4 

37.6 
38.3 
38.8 

'Z:i 

4o.6 
41.3 

U 

43.1 

33 

34 

35 

36 

1 

99 

3 

9 

? 

3 
9 
4 

74 

i 

77 

76 
78 

5 

I 

6 

8 
4 

83 

83 
84 
85 
86 
67 
88 
89 
90 

■  43.6 
143.4 
144.3 
145.0 
.45,8 
■46.6 
147.4 
■48.1 

If,:? 

1114 
ii5.) 

Si 

34. 

■43 
43 
44 
45 
46 
47 
48 

189^ 
1907 

191  i 

■!■ 

1939 

194.6 

196.3 

197.0 

1464 
149-0 

IK 

l5n-8 
i5i.5 

|53,. 

.53.7 
i53,3 
153.9 

j3 
i4 

i5 
16 

i8 
'9 

o«.7 
?l 

ii'.S 

13.6 

.3.4 

l4.3 

i5.o 
i5.B 

08 

09 
09 

4 

6 

I 

3 

71 

i5 
56 

1 

61 
63 

63 

9 

5 
3 

9 

i 
3 

<3., 
44.3 
44.0 
4S.8 

tl 

%:i 

48.6 
49.3 

33 
33 
34 
35 

36 

u 

39 

40 

.04 

.04 

io5 
iq6 

108 
106 
[09 

8 
6 
4 

5 

3 

80 
81 
81 
83 

83 
83 
84 
85 
85 
86 

3 

1 

19] 

$ 
2.' 

99 

i5i.3 

153.1 

153.9 

•Si 

.55.3 
1 56.0 
i56.S 
1 57.6 

118.8 
1194 

['.3 

133.1 

35. 
53 

53 
54 
55 
56 
57 
5B 

■X 

'99-1 
300.9 

303.5 

3o3.3 
104.1 
3.^.9 

154.5 
i55.i 
i55.8 
i564 
157.0 

iSf 

.58.8 

2-'. 

33 

li 

36 

11 

16.5 

r. 

Hi 

31.3 

,3 
i4 
i4 
i5 
16 
16 
'7 
iB 

I 

8 
4 

6 
I 

61 

83 

83 
84 
85 
86 

& 

■JO 

64 

65 
66 

68 
69 

70 
70 

6 
4 

0 
8 
6 
3 

£:? 

5... 

Hi 

54.3 
54.B 
55.4 

i4> 
43 

43 
44 
45 
46 

47 

48 

ii3 
[i4 
m5 
1.5 
u6 

118 

9 

5 

3 

8 
6 
4 

87 
88 
B8 

9' 
9' 

o3 
04 
o5 
06 

09 

,58.4 

\^i 

i6o!8 
161.5 
163.3 
163.1 

;g? 

i65.5 

133.7 

134 .4 

135.0 

135.6 

■  36.3 

136.8 

1374 
138.1 

136.7 

139.3 

361 
63 
63 
64 
65 
66 

69 

70 

3i 

309^ 

31o4 
311.3 

313!8 

161.3 
161.9 

i63.3 
i63,8 
1644 
165-0 
i65.6 
166.3 

3i 
33 

34 
35 
36 

14-4 

l5.3 

M5.0 

39.3 

3i.5 

'9 
'9 

33 

33 

a4 
34 

I 
t 

B 

4 
6 

1 

P 
99 

71 

73 
74 
74 

S 

78 

5 
3 

i 

4 

8 

56.0 
56.6 

ii 

61.0 
61.5 

i5[ 

53 
53 
54 
55 
56 

S 

i>9 
119 

133 

134 
135 
136 

8 
6 
4 

9 

? 

3 

93 

1 

97 

i 
1 

i3 
14 
t5 
16 

\l 

'9 

.66J 

ill 

169.4 

171.0 
■  71.8 
173.6 
173-1 

i3o.5 
i3i.i 
i3i.8 
i334 
i33.o 
i33.6 
i34.3 
134.6 
1354 

371 

;i 

74 

75 
76 
77 
78 

3136 
314.3 
31S.1 
315.9 

3.8.3 
319.1 

166.B 

168,7 
169.3 

SI 

1734 

4i 

43 

43 
44 
45 
46 

33.1 

35.5 
36,3 

39.4 

35 
35 
36 

38 
38 

z 

3o 

! 

i 
I 

o3 

06 

oB 

09 

2 

Bi 
83 

83 

83 
84 
85 
65 
B6 

4 

5 

3 

9 

7 

63.1 

63.8 

65.9 

66.? 
67.1 
67.7 

i6( 
63 
63 
64 
65 
66 

69 

13b 

;s 

i3o 
i3i 

l33 

i33 

i34 

9 

7 

4 

8 
6 

4 

99 
99 

103 
io4 
io4 

7 

4 

S 
8 

33 
s4 
35 

36 
38 

174.3 
174.9 

?ii 

;s:f 

.,8.9 
■.Hi 

[Bi.i 

136.7 
137-3 

'4o4 
i4i.6 

381 
83 
83 
64 
85 
86 
67 
88 
89 
90 

33M 

333^8 
334.6 
3354 
136.3 
136.9 

174.3 

n4^ 
175.5 

176.1 

IS 
3.? 

53 
54 
55 
56 

U 

40.3 
41.0 

4i.e 

43.6 
43.3 
44.1 

%■', 

46.5 
47.3 

M 

33 
33 

33 
33 
34 
35 
35 
36 
36 

6 

\ 

3 
9 

i3 
i4 
t5 
.6 

18 
'9 

87 
88 

9° 

9' 

i 

i 
3 

8 
6 
4 

8 

6 

69.0 
69.6 

70.8 
7" -4 

,3. 
739 

171 

73 
74 
75 
76 

134 
i35 
i36 
137 

\U 
.39 

i4o 
i4i 
i4i 

5 
3 

9 

? 

3 

8 

io5 

106 
107 
107 
108 
109 
109 

33 

33 

% 

36 

39 

40 

.83.8 
183.6 
184.4 
i85,3 
186.0 
1863 
187.5 
188.3 
.89.1 

i43.a 
143.8 
1434 
144.1 

\fi 

■Si 

147.1 

147.8 

39. 

1 

96 

139.3 

i3o.i 
330-9 

331.7 

333.5 

333.3 
334« 

\Ui 

i364 

179,3 
179-8 
1804 
18..0 
181.6 

)83.3 

\l\i 

184.1 
.84.7 

Ksi. 

Dep. 

LaL 

Dill. 

n... 

Ul 

l)i>l 

Dep, 

Ui. 

Dill. 

Dep. 

Lat. 

Dili 

Dap. 

Lat. 

[For  69  D*gCM>.      | 

db.  Google 


TABLE  11.                                      rPNT-MJ 
IKSereDce  of  Latitude  uid  Departure  for  39  Degree*.                       ] 

Um. 

UL 

Dep. 

Dial 

Lu. 

Drp. 

Dm 

L»i. 

Dep. 

Dill. 

LbU 

D.p. 

Di,l.|   l.al. 

',ni 
.554 
.56.1 
i56.7 
.57.1 

,58,6 

II 

160.5 
161.. 

.61.7 
.634 
i63-o 
163,6 
.64.3 
164.0 
165.5 
1G6,. 
166.8 

,6B.7 

'^■^ 
169,9 

3 
4 

5 
6 

I 
9 

o3 
o3 
o4 
o5 
o6 

8 
6 

; 

9 
4 

8 

o3 
o3 
o4 
05 
oS 
06 

6 

3 

\ 

8 

4 

3 

63 
63 
64 
65 
66 

u 

69 

70 

47 
48 

1 

5i 

53 

5i 
53 
54 

4 

5 
3 

8 
6 
4 

38. 4 

43.1 
43.8 
43.4 
44.1 

]3 
34 

35 

16 

IS 

94 

t 

97 

99 

8 
6 
4 

9 

5 
3 

7b 

76 

79 
79 
80 
81 

8) 

8 
4 

3 

83 
83 
84 
85 
86 
87 
88 
89 
90 

143.8 
144.5 
145.3 

146.1 

m5.3 
m5.8 
1.64 

ii8!3 

i4i 

1 

46 

47 

48 
-5^ 

18^.3 
iBS.i 
.BH.8 
18^.6 
i9"-4 
.91.3 
i9),o 

■$i 

195.1 
,95,8 
196.6 

:$'. 

.9«-» 

3ol,3 

3oa.i 

W 
U 
i5 

i6 

■8 
■9 

09 

i3 

.4 

3 

9 

4 

S 
5 

00 

08 
09 

I 

8 
4 

3 
6 

73 

73 

i 

78 
79 
80 

56 
56 
57 
58 

1 

61 
63 

5 
3 

8 
6 
4 

44.7 
45.3 
45.0 
46.6 
47.3 
47.8 
48.5 
49- ■ 

i3i 

33 

33 
34 
35 
36 
3? 
38 

t 

1^ 
.04 
io4 
io5 
106 

108 
108 

B 
6 
4 

9 
5 

8 

83 
83 
84 
85 
85 
86 
86 

4 

3 
6 

8 

5 

191 

1 

P 

99 

.48^ 
.49-^ 
i5o.o 
.50.8 
.5.. 5 
1 53.3 
i53.i 

Ig? 

155.4 

130^8 
131.5 

134.0 
04.6 

.35.3 

.35.9 

35, 

53 

53 
54 
55 
56 

57 
5B 

33 

j4 

12 

iB 
'9 

a3 

9 

7 

4 

8 
5 

3 

i3 
■4 
■  5 
i5 
16 

la 
18 

8 

4 

6 
3 
9 

83 

83 
84 
85 
86 

89 

90 

63 
64 
65 
66 
66 
67 
68 
69 
69 

9 

5 
3 

8 
6 
4 

9 

5i.o 
5i.6 

53.3 
53.9 
53.  S 
54.1 
54.8 
55.4 
56.0 
56.6 

>4i 

41 
43 
44 
45 
46 

47 

48 

109 

ii3 
ii4 
ii5 
m5 
116 

4 
9 

I 

6 
6 

88 
89 
90 
90 
9' 
9' 
93 

t 

4 

6 

3 

? 

4 

o3 
04 
o5 
06 
07 
08 
09 

■  58.5 
159.3 
160.. 
160.9 
.61.6 
.634 
163,1 

.36.5 

137-. 

137.8 

.384 

1 3' 6 

l33.3 

361 
63 

63 

a 

66 

67 
68 
69 

3o3'.6 
304.4 

305.3 

3o5.9 

106.7 

307.5 

308.3 
309.1 

309. 8 

3i 
33 
34 
35 
36 
37 
38 
39 
40 

34 

j4 
.5 

>6 

18 
18 

g 

3i 

I 

4 

8 
5 

'9 

i3 

33 

a5 

8 

4 
3 

! 

1 

99 

70 

73 
73 
74 
75 
76 
76 
77 

5 
3 

8 
6 
4 

9 

57.3 
57.9 
58.5 

li 

61.0 
61  7 

6.  .3 
5a  .9 

i5i 
5i 
53 
54 
55 
56 

u 

118 
119 

Ii3 

n4 

9 

I 

8 
6 
3 

97 

?s 

99 

8 
4 

i3 
i4 
i5 
16 

18 
'9 

i64.o 
164.6 
i65.5 
166.3 

■694 
170.3 

.334 

134.0 

'Mi 
■Mi 

137.3 
.37.8 
.38.5 

171 

11 

74 
75 
76 

iii4 

iiJi 

3l4.5 

3.5.3 

3.6.0 
3.6.8 
3.7.6 

170,5 

171  Ib 
1714 
173.1 
.73.7 
.74-3 
.75.0 
.75.6 
.76.3 

4i 
4> 
43 

46 

47 
48 

33 

33 
34 
j5 
35 
36 
37 
38 
38 

4 

I 
3 

9 

.5 

36 

37 

1 

3o 
3i 

H 
4 

3 

8 

5 

o3 
04 
o5 
06 

"9 

78 

^ 
80 
Bi 
ii 
S3 
83 
84 

85 

3 

B 
6 
4 

9 
5 

bi.t, 
64.3 
64.8 
65.4 
66.1 
66.7 
67.3 
68.0 
68,6 
69.2 

.6. 
63 
63 
64 
65 
66 
67 

135 
135 

13tt 

;;s 

139 

;s 

i3i 

^33 

9 

I 

6 
3 

'ill 
]o3 
104 
w', 
ri,5 
J06 

i 

I 

8 
5 

4 

33 

34 

35 

36 
38 

II 

.73.3 

1 74.1 

174.9 

1,5.6 
17«.4 

IK 

■  7B.7 

ili 

l4lJ3 

.41.6 
143.3 
143.9 
143.5 
14^.1 
.44.7 

38j 

83 

83 
84 

85 
86 
87 
88 
89 
9" 

3.84 
3.9.3 
3,9.9 

3  30.7 
331.5 
331.3 

333.0 
333.8 
334.6 

1354 

.76.8 

.78.7 
"79-4 

.Boo 
.80.6 

iii'i 

53 

53 
54 
55 
56 

57 
5B 

4i 

4j 
41 
43 
44 
45 
45 
45 

4 
0 

3 

l3 

3i 

33 
34 
34 
35 
35 
36 
37 
37 

7 
4 

6 

j 

8 

li 

i4 
i5 
|6 

iS 
19 

BO 
87 
87 
88 
89 
9" 
9" 
91 

i 

8 
6 
4 

9 

5 
3 

7= -4 
73^6 

73 

i 

i33 
r34 
i35 
i36 
i36 
■  37 
i38 

\% 

9 
7 
4 

8 
6 
3 

9 

108 
loB 
109 

ii3 

b 

! 

8 
4 

6 
3 

3J1 

33 

33 
34 
35 
36 
37 
36 
39 
40 

i79.b 
186.3 
tSi.i 
181.9 
183.6 
1834 
iS4.> 
i85rf. 

.454 
146.0 
146.6 
147-3 

IS 
\ti 

.5o4 
I5..0 

391 

93 

t 
U 
3S 

336.. 

If-'' 

338^5 

339.3 

330,O 

33o,8 
331.6 
3334 
333.1 

i83.8 
1844 
iB5,o 
,B5.6 
.86.3 

ti 

18&S 

D.M. 

Dop. 

1.a>. 

Di... 

l>rp. 

Lei. 

re.i 

D.p. 

Lai. 

Dili 

d™. 

bw. 

Dill 

Dep. 

l-M. 

[For  51  DenraM       | 
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•^»]                                          TABLE  11. 

KSerence  of  Latitude  and  Departure  for  40  Degrees. 

nisi 

Lat. 

Dep. 

Dili 

Lai. 

Dep. 

Di« 

Lb.    1   U.,, 

Dl«j   Lai.  !  Uep. 

Disi 

Lai. 

Dep. 

3 

4 
5 
fi 

8 
9 

o3 
o3 
o4 
o5 
06 
06 

H 
5 
3 

8 
6 
4 

9 

o3 
o3 
o4 
o5 
o5 
06 

b 

bi 
6a 
63 

64 
65 
66 

69 

4b 

S 

49 

5i 
Si 
5i 
53 

'5 

3 

6 
3 

I 

4.) 
41 
4i 

42 

43 
43 
44 
45 

I 

8 

4 

4 

23 

j5 
56 

96 

i 

99 

78 
79 

2^ 
80 

81 

8j 

83 

83 

8 

4 

3 

6 
3 

t 

83 
S4 
85 
86 
87 

89 

90 

[3B.7 
,39.4 

l4».3 
l43'5 

J  43-3 
i44.i> 
.44.8 
145.5 

116.3 

1176 
ij8,3 

iS 

i2o!8 

13T.5 

241 
42 
43 
44 
45 
46 

% 

i5. 
5i 

53 
54 
55 
56 
57 
58 

361 
63 

63 
64 
65 
66 
67 
68 
69 

i84,6 
i85.4 
i8(i.i 

;f-:? 

1684 
,89.2 
.90.0 

^•J 
191.5 

191., 
[9J.8 
.94-6 

196,1 

:t4 

198-4 

299^ 
199-9 

3O0-7 

30 1.5 

103^8 
304.5 
3o5.3 
306.. 
3o6.b 

154-9 
i55-b 
i56-3 
i5t.,8 
.57  5 

.588 

160.1 
■60.7 

i63!6 
.63.3 
163.9 
164.6 
i65.2 
.65.8 
.66.5 
.&7.1 
167.8 
,684 

z\ 

170.3 

nil 
171.3 

i3 
i4 
i5 
i6 

la 

'9 

09 

i3 
i3 
i4 
i5 

4 

5 
3 

8 
6 

3 

05 

71 

;i 

74 
75 
76 

78 

55 
55 
56 
57 
58 

1 

61 

4 
9 
5 

5 
3 

46 
46 
47 
48 
48 

S 

5o 
5i 

3 

1 

i 

8 
4 

i3i 

3j 
33 

34 
35 
36 

37 
38 

ll 

r4i 
41 
43 
44 
45 
46 

S 
& 

i5i 
5j 
53 
54 
55 
56 
57 
58 

iq3 
IU4 
iu4 

io5 
106 

■!^ 

i»8 
109 

]i3 
ii4 

ii4 

84 
84 
85 
86 
86 

i 

89 
90 
90 

9' 
9' 

95 
95 
96 

5 

e 

4 

1 

191 

i 

9^ 
99 

o3 
04 
o5 
06 

09 

,40,3 
i47-> 

1486 
r49.4 

iS 

i5j.4 
i53.a 
i54-o 
]54.7 
i55.5 
156.3 
■  57.0 
i57.8 
.58.6 
.59.3 
160.1 

133.8 
123,4 
124.1 
114.7 

135.3 
136,0 
136.6 
.27.3 

132.5 
13..I 
.3.  .8 
.33.4 
.33.1 
.33.7 
.34.3 
.35.0 

i3 

38 

It) 
16 

;i 

'9 
19 

i3 

t 
4 

9 

4 

■  4 
i4 
.5 

■6 

18 
18 

8, 

S3 

83 

84 
85 
86 

89 

bi 

62 

63 
64 
65 
65 
66 
67 
68 
68 

8 
6 

3 

i 

4 

52 

5i 

53 
54 
54 
55 

55 
56 

57 
57 

4 

6 
3 

1 

9 

3i 
3= 
31 
34 
55 
36 
37 
38 
39 

14 

)5 

j6 

18 
29 

5 
3 

8 
6 
3 

? 

'9 

i3 

23 
24 

j5 

9' 

i 

99 

69 
70 

73 
74 
75 
75 
76 

I 

8 
5 
3 

I 

1 

6i 

6. 
62 
63 
63 
64 

5 

8 
4 

4 

6 
3 

ii5 
1.6 

118 
ii8 
[.9 

6 

97 

U 

99 
99 

■  3 

li 

16 

[8 
'9 

161  i) 

i'63.2 
163.9 
164.7 
.65.5 
166.3 
.67.0 
.67.8 
[58,5 

.35.6 
.36.3 
136.0 
.37^ 
.38.3 
t38.6 
,39,5 

i4oie 
.414 

371 

S 
li 

76 
78 

s 

3<*4 
2U9.1 

109,9 

3  I" 

,75.5 
176.1 
176.8 
1774 
.78.1 

.80.0 

4i 

43 

43 
44 
45 
46 
47 
48 

S 

33 

3] 

33 
34 
35 
36 
36 
37 
38 

9 
5 

S 

5 
3 

2D 

=7 

1 

is 

3o 
3i 

32 

6 

3 

t 

o3 
04 
o5 
06 

09 

78 
78 

81 
82 
82 
83 
84 

f 

9 

? 

3 

65 
66 
66 
67 

68 
69 
70 
70 

1 

8 
5 

4 

16) 
61 
63 
64 
65 
66 

s 

■  23 

134 
135 

['8 

3 

i 

4 
9 
5 

.u4 
104 
io5 
106 
106 

1^ 
108 
109 

33 

25 

36 

11 
It 

.69.3 
170.1 
17'>.8 
.71.6 

;5f 

173.9 
174.7 
17M 
.76.3 

.43.1 
143.7 
143.3 
144.0 
144.6 

145.3 
145.0 
i46.fi 

147-1 

147.8 

3b. 

83 

83 
84 
85 
86 

89 

ileio 

11 6.8 
1.7-6 

3.9.1 

321,4 

180,6 
181,3 

;;:.! 

.83.2 
183.8 
i84,5 
[85.1 
i85.P 
1864 

5j 
53 
54 
S5 

56 
57 
58 

1 

4> 

44 
46 

6 
4 

9 

4 

33 
34 
34 
35 
36 
36 

i 

4 

4 

6 
3 

1 

Is 

M 
.5 

16 

iB 
'9 

85 
85 
86 
87 
68 
88 
89 
9° 
9' 
9' 

5 
3 

4 
9 

73 
73 

1 

77 

3 

6 
3 

I 

5 

'i 

74 
75 
76 

i3i 

|33 

i33 
i34 
i34 
i35 
t36 

109 

113 
.i3 
ii4 
ii5 
ii5 

I 

5 

33. 

32 

33 
34 
35 
36 

u 

39 

40 

I78!5 
.79.3 
.60.0 
.80.8 
1B1.6 
183.3 
.83,1 
.83.9 

.48.5 

■.Zi 

i5o.4 
.5... 

;?::! 

153.0 
i53£ 
154.3 

29, 

P 
i 

113;? 
134,5 
=  25,3 
226-0 
136-7 
337,5 
118.3 

187.. 
187-7 
.88.3 

.90-3 

193,3 

.93  B 

D.«.i  IX.p. 

Ui. 

DM. 

Dep, 

Lai. 

Dist. 

Dep, 

L«. 

Din. 

Dep,      L... 

ma. 

D<p- 

Lot. 
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TABLE   II.                                              rP^n 
Difference  <it  Latitude  and  Departure  for  41  Degreea 

nx. 

Ui. 

D,p. 

Dill. 

Lm. 

D.p. 

Dlii. 

L.,. 

Dpp. 

Disi 

Vfli 
8a 
83 
84 
85 
86 
87. 
88 
89 
90 

LlL 

Dep. 

D.<1.     Lai.  1  Dip.  1 

3 

i 

5 
6 

6 
9 

oo.ti 
OI.5 

CH.3 

o3.o 
o3.8 
04. 5 
o5.3 
06.0 
06.8 
07-5 

o3 
o3 
o4 
o5 
o5 
06 

3 

6 
3 

1 

i 

61 

63 

63 
64 
65 
66 
67 
68 
69 
70 

4b. 0 
46.8 
47.5 
48.3 
49.1 
49-B 
56.6 
5i.3 
5j.i 
53.8 

40 
41 

Ai 
4i 
43 

44 
44 
45 
45 

I 

3 

6 
3 

33 

34 

35 

j6 

18 
52 

9' 
9= 

^3 

It 

3 

8 
6 
3 

6 
6 
4 

I 

81 
83 

83 

4 
4 

3 

6 
3 

.36,6 
.374 
.38.1 
.38.9 

.40.4 
.41.. 

.43.4 

118.7 
M9-4 
.30,7 

131.4 

1333 
134.0 
134.7 

43 
44 
45 
46 
47 
48 

it 

.81,9 
183.6 
1834 
184.. 
184.9 
,85.7 
1B6.4 
187.3 

i58.. 
158.8 
,59J 
160.1 
160.7 
161.4 
161.0 
161.7 
,634 
.64.0 

i3 

Is 

.6 

i6 
'9 

10.6 

.r.3 

1/8 
t3.e 
i4.3 
i5.i 

07 

08 
09 
09 

I 

5 

8 
5 

73 
74 
75 
76 

11 

It 

54.3 
55.1 
55  8 
56.6 

58.9 

'A 
60.4 

46 
47 
47 
48 

1 

5i 

5i 

53 

6 

i 
I 

8 

5 

.31 

33 

33 
34 
35 
36 
37 
38 
39 
4o 

98 
99 

101 

io3 
iu4 
io4 
io5 

1 

i 

4 
9 

B6 
«7 

90 

9" 
9' 

3 
t 

191 

i 

96 
99 

144.9 
145.7 
146.4 

.47-1 

■47.9 
1487 

.50.9 

.36'6 
.37.3 

139.3 

139.9 
i3o/i 

|3..3 

35, 
53 
53 
54 
55 

56 

u 

.89.4 
.90.3 
■9"9 

194.0 

1^ 

196.3 

i«<6.o 
166.6 
167.3 
168.0 
.68,6 
,69^ 

170^ 

a3 

52 

16. e 

17-4 

te.i 

.8.3 

so. 4 

iJ.B 
i4.4 
■  5.1 
l5.7 
16.4 

17.7 
16.4 
,9.0 

.9.7 

b1 

83 

84 

85 
86 
87 
88 
89 
9" 

6.  .9 

63.6 

63.4 
64-3 
64.9 
65.? 
66.4 
67.2 
67.9 

53 
54 
55 
55 
56 

1 

5 

8 
4 

4 

43 
43 
44 
45 
46 
47 
48 

106 

IS 
109 

V,3 

4 
9 
4 
9 

? 

1 

9^ 
97 
97 
98 

8 
5 

8 
4 

8 
4 

o3 

04 
o5 
06 
07 
08 
09 

.53*5 
i53.3 
154.0 
154.7 
,55,5 
i56.3 
.57.0 
.57.7 
.58.5 

i3i,9 

,33.5 

.33.3 
[33,8 
.34.5 
.35.1 
135.8 
..36.5 
.37.. 
137.8 

30  i 

63 

63 
64 
65 
66 
67 
68 

197.0 
197.7 
198.5 
199.3 

301  !5 

303.3 
303.0 

303.8 

,733 
.73.9 
.74.5 
.75.3 
.75.8 
.76.5 
177.1 

3i 
33 
34 
35 
36 

5 

,3.4 
a4.3 
24-9 

36  !4 

11  ie 

34.3 

36.1 

91 
93 

96 
99 

M.7 
69-4 

70.9 

73*5 
73.3 
74.0 
74.7 
75.5 

6. 
61 
63 
63 
63 
64 
64 
65 
66" 
66 
67 
68 
68 
69 
7*' 
70 

4 
6 

t 

T 
t 

I 

57 
53 
54 
55 

56 

u 

ii4 
■  i4 
.i5 
116 

119 

5 

5 

8 

99 

99 

io3 
io3 
io4 
io5 

4 
3 

i 

i3 

i4 
i5 
16 

\l 

'9 

33 
34 
35 

36 
3^ 
1? 

.6i!5 
.63.3 
.63.0 
[63.8 
164.5 
i65J 
.66.0 

i38.4 

:|:; 

.4o4 
.41. 1 

143.4 
143.0 
143.7 
144.3 

73 
73 

i 

78 
It 

3c4.b 

au5.3 

306.0 

3o6.8 
307.5 
306.3 

3,;9., 

309.B 

5t,!3 

178.4 
179.. 

.79.8 

18^4 
18.  1 
181.7 
,8,4 
i83.o 
183.7 

4i 

45 

43 
44 
45 
a6 
47 
4B 

i' 

33. J 

3i.o 
34.7 
35.5 
36.3 

I;- 

■  8., 

L':! 

3o.8 
3i.5 
33.1 
33.8 

o3 
04 
o5 
06 

08 
09 

70. 3 

i:i 

6... 8 
8. .5 
83.3 
83. 0 

63 

63 
64 
65 
66 

69 

l3^ 

12  3 
134 
135 

138 

5 
3 

B 
5 
3 

8 
5 
3 

lot. 

106 

106 
107 
108 
108 
109 

6 
3 

1 

i 
? 

166.H 
167.5 
168.3 
.69,. 

S:S 

I7>.3 
.73.1 

.73'6 

145.0 
.45.6 
146.3 

III 

;g:! 

,5o. 

83 

83 
84 
85 
86 
87 
88 
89 

31 3^6 
314.3 

3,5.1 

3,5.8 
316-6 
3,7.4 

1844 
i85.o 
185.7 
,86.3 
187.0 
187.6 
,88.3 
,88.9 
1896 
19C..3 

5i 

5j 
53 
54 
55 
56 

4Q.e 

4i.S 

4J.3 
43.0 
43. S 
44.5 
45.3 

34.1 
34.8 
35.4 
36.1 
36.7 
37.4 
38.1 
38.7 
39.4 

i3 

\i 

16 

18 

'9 

BJ.B 
84.5 
85.3 
86.0 
86.8 
87 .5 

li 

90.6 

?3 
74 
74 
75 

8 

5 

8 
4 

8 
4 

7 

73 
74 
75 
76 

139 

\'£ 

i3i 

l33 
■  33 

i33 

'34 
i35 

i35 

8 
6 
3 

8 
6 
3 

8 

ii3 
ii4 
114 
m5 
116 
116 

lis 

8 
5 

8 
5 

8 

4 

33. 
33 

33 
34 
35 
36 

174.3 
.75.1 
175.8 
176-6 
177.4 
178.1 

\ti 

i8o.4 
.8..1 

153.5 
1 54. 3 
.54.8 
155.5 
i56.i 
1 56.8 
.57.5 

391 

i 

96 
3IS 

3.9.6 

3  30.4 

13.. 9 
333.6 
333.4 

3364 

.90,9 
.93.3 

;?!:! 

19^-' 
194.8 

196.3 
.96.8 

Di... 

Dep. 

Lst 

Dill 

l>ep. 

Lsl. 

K.,.|  D.P. 

Lat. 

Ri)l 

Dep. 

Lai. 

Diit 

D«p. 

1^. 

[For  49  !>.,,....      1 
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i^MJ                                          TABLE  n. 

DuL 

LbL 

D.p. 

Disu 

L>1. 

Dep. 

D.St. 

... 

D^ 

Di.i, 

Lit. 

D.p. 

Ubl. 

L.,.     D.^1 

3 
A 

5 
6 

8 
9 

til 
o3'.o 
o3.7 
ai.5 
o5.j 
05,9 
06.7 
07.4 

o4 
o4 
o5 
□6 
06 

7 
3 

I 

i 
7 

61 
6s 
63 

66 

67 
68 
69 

70 

45-3 
46.1 
46,8 
47-6 
48.3 

8:1 

5S.5 

5i,3 
5..0 

40,8 
4i.5 
4>.i 
4a  .8 
43.5 
44. a 
44.8 

%i 

46.S 

aa 

a3 
a4 
a5 
a6 

98 

IS 

89 
9° 
9' 
9* 
9J 
93 

1 

9 

4 

i 

4 

i 

81 

8a 
83 
S3 
84 
85 
85 
86 
87 

i 
3 

3 
3 

181 

83 
84 

85 

86 

89 

90 

.345 
i35,3 
t36x> 
.36.7 
.37.5 
i38.a 

i4o.5 
i4.,a 

.33.1 

.33,8 
.14.5 
.a5.. 

.a5.8 
ia6,5 

i4i 

41 
43 
44 

45 
46 

47 

48 

1866 
.81.3 

L8a.i 

i8a.8 
.83,6 
.84.3 
.85.0 
185.8 

.61  3 
.61.9 

163.3 

1641 

i65-3 

ml 

.67.3 

i3 
i4 
i5 
i6 

'9 

oH.i 
08.9 

Hi 

i3.4 

[4.1 

.4.9 

06 
08 
09 

i3 

4 

4 
0 

4 
4 

71 

73 
74 

77 
78 

5,  .8 

53.5 
54-1 
55.0 
55.7 

56.S 
57, » 

sa.o 

58. 7 
59.5 

'ii 

4S.8 

ti 

?:.t 

Sa.i 
5»,9 
53,5 

.3. 
3i 
33 

36 

U 

1 

io3 
104 

4 

8 
6 

3 

8 
6 
3 

S6 

% 

9' 
9> 

i 

i 

191 

1 

99 

;i;:? 

i43ul 

l44.a 

144.9 

.45:; 
1464 
147.1 

ia7.B 
118.5 

ill 

.3... 
i3.,8 
.31.5 
i33.> 

i33.S 

lb. 

5i 
53 
54 
55 
56 
57 
58 

186,5 

'&i 

.88,8 
189.5 
.90.3 
191,0 

.68,0 
168.6 
.69.3 

"1 

.71.3 

l7»-6 

.733 
.74.0 

i3 
a4 
]5 

:i 

3i 

3« 
33 

36 

u 

3? 

4o 

16.3 
;9-3 

11.6 
ia.3 

i4 
■4 
.5 
16 
16 

18 

18 
■9 

7 

4 
4 

7 

4 

81 
Si 
83 
84 
85 
86 
fl7 
SB 
89 
9" 

6o,a 
60.9 
61,? 
6.  ,4 
63.3 
63,9 

i^:3 

66.1 
66.9 

M.a 

54.9 
55.5 
56.1 
58.9 

S:! 

60. a 

i4i 
4a 
43 
44 
45 
46 
47 
48 

S 

.04 
io5 
106 

;i 

.09 

5 
3 

8 

5 

5 

97 

99 
99 

o3 
04 
o5 

06 

"9 

i5a.3 
.53.1 
.53.8 
.54.6 
.55,3 
i56.. 

,34,5 

.35.3 
135.8 
136.5 
137.1 
.37.8 
.38J 

\^l 

140.5 

a6, 
61 
63 
64 
65 
66 

.9«.9 
197-7 

199.3 

.74.6 

176.0 

.76-7 
177.3 

.80.7 

»3:8 

14.5 
1S.3 

16.0 
16.8 
17.5 
18.1 
S9.0 
19.7 

14 
j4 

i5 

a6 
a6 

4 

B 
4 

8 

4 
S 

9' 

1 

99 

S:; 

73.6 
74.3 

bo.a 
61.6 
6a -a 
6a  .9 
63.5 
64. a 
64.9 
65.6 
66.a 
66.9 

i5i 

53 

53 

n 

56 

m3 
1.3 
114 
ii5 
ii5 
116 

;;i 

118 

4 
9 
4 
9 

.o3 
io4 
io5 

io5 
106 

107 

i3 

14 
i5 
.6 

18 
'9 

■Si 

159.0 

.55.8 

.6^.5 
161.3 

.6a.7 

.63.5 

i4i.a 
141.9 
.4a.5 

iS 

.45.1 
i47.a 

»7' 

53 
74 

75 
76 

78 

i2 

aoU 
ao4,4 

305,1 

aoei 
ao7.3 
aoB-. 
aoB-8 

aii.8 
aia.5 
3.3.3 
ar4.o 
a  14.8 
3.5.5 

■81.3 

.Si« 

;lri 

.84.0 

184,7 

.85.3 

[86.0 
.86.7 
.874 

lEsZ 
.8S.7 
.894 

190.0 
'90-7 
.9M 
.91,0 

.9»-7 

1934 

194.0 

41 

4i 
43 

5^ 

46 
47 
48 
49 
5i> 

Jo. 5 
3i.> 

3i.o 
3Q.7 
33.4 
34.1 

H;? 

36.4 
37.5 

;2 

>8 

SI 

3o 
3, 
3> 
3> 

33 

4 

8 
4 

8 
4 

8 

5 

o3 
04 
o5 
06 

S 

09 

75., 

75.8 
76.5 
77.3 

78, n 
78,8 

Z.l 

8[.o 
81.7 

67.6 

69.2 

70.3 
70.0 

16  > 

6a 
63 

64 
65 
66 

69 

70 

119 

Ia3 

134 

.14 
ja5 
ja6 

6 
4 

t 

4 

8 

6 

3 

109 
109 

II3 

u3 

i3 
a4 
i5 

a6 

11 
5? 

i64.a 

.65.0 
.65.7 
.66,5 

.68.7 

;69-4 

.709 

IS 
.49." 

i53.i 

.53.9 

81 

83 

84 

85 
86 

89 
90 

5a 
53 
54 

U 

Di... 

3a:§ 

39-4 

40.1 

tt 

4a  .4 
43.1 
43.8 
44.6 

34 
34 
35 
36 
36 
37 
38 
38 

8 
5 

8 

5 

8 

5 

I3 

14 
t5 
16 

18 
'9 

8a. 5 
83. a 
84.0 
84.7 
85. S 
86.1 

1? 

74.3 

,0.3 
8^.3 

IT 

i 

75 
76 

78 

137 

;i? 

i3o 

i3i 
r3a 
i33 
|33 

8 
6 
3 

8 
5 

3 

a 

ii4 
ii5 
ii5 
i>6 
H7 
iifi 
"9 

8 
4 

33 

34 
35 
36 
37 
38 

i 

17.7 
17M 
I73.a 
173.9 
174.6 
175.4 
,76,1 

\tl 

(54.6 
155.1 

.57.3 

;59-3 
160* 

391 

317.0 
3.9,1 
mis 

i 

100.7 

La., 

D»i 

Dep. 

L.I. 

DU1.I    Dep. 

LUL 

DJ.l 

D.p.  1  LI. 

Diil 

d™. 

U4. 

(rof  «j  D*grM>.      1 

rnn.db,G00glc 


TABLE  II.                                          'ftf.» 

Dnl 

L.I. 

D.p. 

Dili 

l.«t. 

D^. 

Di.1 

L«. 

Drp. 

Dill 

Lat. 

D*p. 

43 
43 
44 
45 
46 
47 
48 

g 

L...  1  D.p.  ! 

3 
4 
S 
6 

i 

9 

r3 
i4 
i5 
i6 

i8 
'9 

oils 

i:? 

o4.4 

o5.i 

07. 3 

01:4 

°ii 

04. 1 

<v(.e 

o5.5 

06.1 

oG.S 

63 
63 
64 
65 
66 
67 
68 
69 
70 

45,3 
46.1 

46.8 
47.5 
48.3 

li 

5i.» 

43 

43 
43 

44 
45 

45 
46 

47 

"(7 

6 

33 

34 

j5 

3fl 
18 
12 

89 

9° 

90 

9' 
9' 

95 

81 

83 

G3 

84 
85 
85 
86 

SS 

B8 

181 

83 

83 
84 
85 
86 

ll 

89 
90 

l33^ 

i33.i 
133.8 
i34.6 
i35.3 
136.0 
136.8 
137.5 
i38.3 
.39.0 

133.4 

134*8 
135.5 

136.3 

;S 

138.3 

I76.3 

,78.5 
179.3 

181.4 
183.1 

183.8 

a; 

169.1 

•s 

171.3 

:v.i 

173.3 

175.3 
,76.0 
176.6 

■  77-3 

0B.8 

09.5 

11.7 

\ii 

08^3 

oa.o 

09. 5 

1J.3 

i3.o 
i3.6 

73 
74 
75 
76 

78 

i..9 

in 
55.2 

56.3 

57.0 
57.8 
58.5 

48 

5> 
5i 

53 

53 
53 

54 

.3. 

33 

33 
34 

35 
36 
37 
38 

32 

i 

99 

89 
9" 
90 
91 
9» 
9= 
93 
9i 

191 

$ 
% 

99 

139.7 
i4».4 
i4i  1 

\U 

143.3 
144.1 

.448 
145.5 
146.3 

.3«.3 

;^:i 

■  33.3 

■  33.0 
133.7 
i34.4 
r35.o 
i35.7 
i36.4 

3St 
53 

53 

54 
55 
56 

to' 

■  83.6 
1B4.3 
iB5.u 
i85.8 
.86.5 
.67.3 

.'89:4 
190.3 

i3 
i4 

15.4 
16.1 

16.8 
17.6 
18.3 
19.0 

i5.o 

li 

17.0 

Hi 

8] 
83 

84 
85 
86 

SJ 

89 

63.3 
63.9 

63.6 

64.4 
65.1 
65.8 

55 
56 

U 

58 

s 

60 
61 

i4i 
43 
43 

1^ 

46 

■o3 

;s 

to6 
106 

S 

i<»9 

0 

96 

i 

o3 
04 
o5 

06 

09 

l47.<' 

153.1 
153.Q 

i53? 

■  37.8 
.38.4 

;g:i 

140.5 

i4i.> 
14..0 
143.5 
.43.3 

361 
63 
63 
64 
65 
66 
67 
68 
69 
70 

■  90.9 
i9,.6 
193.3 
■93.1 
.933 
.94.5 

125:? 

■  78.0 

■  78.7 

180.0 

180.7 

iSU 

lfl3.1 

183.8 

i83.5 
184.1 

3i 
33 
33 

36 
37 
38 

a3!4 
14.1 

Yd 

36.3 
«,.3 

Ills 

33.5 
33.1 

l5.3 

36.6 

37.3 

9' 

1 

99 

66.6 

67.3 
66  .o 
6B.7 
69.5 

70.9 
71-7 

63 

63 
63 
64 

64 
65 
66 
66 

I 
I 

3 
3 

i5i 
5» 
53 
54 
55 
56 
57 
58 

■  13 
ti4 
114 
ii5 
116 

iu3 
id3 
104 
loS 
io5 
106 
107 

109 

i3 

'A 

16 

18 
'9 

■  543 
155.0 
155.8 
i565 

157.3 
I58.0 
i58.7 

'^ 

160.3 

.60.9 

■43.0 
■44.6 
1453 

;s 

147.3 

i46.o 
148.7 
149.4 

iSo.o 

73 
73 

'99.7 

300.4 

303.3 

304.0 

iQ4.a 

184.8 
185.5 
,86.3 

,s 

188.3 
188.9 

4i 
4i 
4i 

44 
4i 
4b 
47 
48 

TT 

5a 
53 
54 
55 

56 
57 
56 

Dill. 

30.7 
3i.4 
3i.i 

lit 

34.4 
35.1 

35.8 
36. G 

38.6 

3o.7 
31.4 
33.1 

III 

34.  J 

o3 

04 
o5 
06 

09 

,1:1 

75.3 
76.1 
76.8 

77-5 
78.3 
79-" 

2?:3 

08 
69 
70 
70 
71 

i 

74 
75 

63 

63 
64 

65 
66 

69 

70 

1 18 
119 

119 

"I 
114 

3 

109 

ii3 

ii3 
114 
m5 
m5 

I 

3 

33 

34 
i5 

36 

163-J 
■63.1 

1&3.8 

;aj 

166.0 
166.7 

.&7.5 

168.3 

iSM 
i5i.i 
l5i.8 

;Sf 

154.8 
155.5 

■  56.3 

■  56.9 

83 
84 
85 
B6 
87 
88 
89 
90 

»ob.5 

306.3 

307-7 
308.4 
309.3 

311.4 

i9i.e 
.9;  .3 
,930 
.93,7 

.,4J 
,9s., 
195.7 
.96.4 
197.1 
,„JI 

38.8 

4r.o 
41.7 
4j.4 
«  I 
43-9 

34.8 
35.5 
36.1 
36.8 
37.5 
38.3 
38.9 
39.6 
40.3 
40.9 

i3 
14 
i5 
.6 

18 
19 

81. a 

Si'.l 
83.4 
84.  r 
84.8 
85.6 
86.3 
87.0 
87. 8 

75 
76 

78 
79 

f. 

81 

4 
4 

8 

5 
8 

171 

1 
22 

135 
135 

136 

138 

118 

;g 

i3o 

;3i 

8 
5 
3 

4 

1 

116 

;;^ 

i<8 
■  19 

6 
3 

i 
4 

8 

i3i 

33 

33 
34 
35 
36 

37 
3B 

% 

17M 

1733 
174.1 

n4.8 
175.5 

157.5 

.58.3 

\%t 

166.3 
161.0 

i6:.6 
163.3 

i63x) 
,63.7 

391 

9" 
93 

1 
22 
322 

3>3!6 

3,4.3 
3,5.0 

iisi 

119.4 

19».S 
199,1 

;22:S 

i! 

3o4'6 

lipj-,..,. 

Di'l 

\^p. 

1,.,. 

DI.1. 

D.P. 

LSI. 

n%\. 

0.p. 

Lm. 

n\s<. 

!»,. 

Lm. 

[ForffDqtM^    \ 

ro-EodbvGoOglc 


fa**a]                                              TABLE  11. 

Difference  of  Latitude  and  Departure  for  44  Degrees. 

Ui'ii 

iM. 

a 

!K>1. 

Lu. 

Dcp. 

DJ,. 

Lai. 

Dcp. 

Di>l. 

Lai. 

D.,.. 

Di.i, 

L»v, 

Jit 

.68.8 
.69.5 

;H 
.71.3 
173.0 
173,7 

3 

i 

6 

V 

u4.3 
u6.5 

04 

04 

o5 
<6 
06 

61 
6= 
63 
64 
65 
66 
&7 
68 
69 
70 

44 
45 
46 
46 

47 

48 
48 

t 

I 

i 

8 
5 

I 

4 

4> 
43 
43 
44 

1 

47 
47 

48 

4 

5 

8 

5 

I 

a3 
34 

35 

a6 

a8 

?2 

I 

9>' 
9' 

93 

?5 

8 
5 

I 
4 

5 

84 
64 
85 
86 
86 

88 
89 
V 

4 

8 

S 

I 

3 

.8, 
83 
83 
84 
85 

i 

89 
90 

,3o.a 

.33.4 

■  33.1 

■  33.8 

.34.5 
135.3 
136.0 
.36.7 

IS 

137.1 
I37.B 
■  a8.S 

ill 

i3,.3 

l33.0 

34 1 
43 

43 

44 
45 
46 

47 
48 

g 

.73-i 
.74.1 

174.8 
.7S.5 
.76.3 

178:4 
179-. 

■79.3 

t3 

i« 
•9 

<-9-4 
n!5 

i4.4 

"7 

"9 
"9 

1I 
i3 

7a 
73 

i 

78 

5, 

52 

53 
54 
54 
55 
56 
56 

8 

5 

4 

5 

g 

5o 
5i 

5] 

53 

53 
5d 
54 
55 

J 

7 
4 

8 
5 

I 

33 

33 
34 
35 
36 
37 
3B 
39 
4.1 

i 

97 
99 

7 
4 

8 
5 

i 

9' 
91 

93 

1 

97 

7 

4 

8 

5 

I 
3 

191 

1 

96 

97 

99 

o3 

o5 
06 

08 
09 

137-4 
i38.i 
i38* 
139,6 
.4^.3 
.41.0 
14 1.7 
i4a.4 
143.1 
.43.9 

.33.7 
1334 
■  34.1 

.34.8 
.35.5 
i36.3 
.36,8 
137.5 
i38.a 
.38,9 

>5. 

53 

53 
54 
55 
56 
57 
58 

181 .3 
181.0 
183-7 
.834 

.84.3 

.84.9 
.85.6 
1S6.3 
.67.0 

.744 

175." 

175.7 
.754 

:r7;8 
178.5 
.793 

.79-9 
180.6 

11 

38 

ili.i 
i5,8 
i6.5 
17.3 
iS.u 
18.7 
19-4 

r4 
i5 
16 
16 

Is 

18 
'9 

8a 
83 
84 
B5 
86 
87 
S8 
89 
90 

1 

6[ 
61 
6a 
63 

64 
64 

4 

i 

3 

57 

57 
58 

1 

6l 
61 
6a 

i 

4 

8 
5 

i4i 
43 
43 
44 
45 
46 
■47 

48 

104 
io5 
iu5 
106 

4 

i 

3 

5 
9 

99 
IU4 

2 

3 
7 
8 

5 

.44.6 
145,3 
146.0 
■  46.7 

i5..: 

.39.6 
i4o.3 
>4i.o 

i4».4 
.43.1 
143.8 
144.5 
.45.3 
145.9 

63 
63 
64 
65 
66 
&7 
66 
69 

187.7 

.89.9 
.9<..6 
.91.3 
.93.1 
193.8 

i8>.o 
i834 

.85.5 
■  86.1 

;S:2 

3J 
34 
35 

36 
37 

1 

a3.7 
14.5 

=  5.9 
=6.6 
=7.3 

i3 
:4 
a5 
a5 
16 
'7 

9' 

9<> 

99 

o3 
04 
o5 
06 

08 
09 

65 
66 
66 
67 
68 

1 

TU 
71 
1' 

5 

I 

3 

5 
9 

63 
63 
64 
65 
66 
66 
67 
68 
68 

6q 

i 

3 

8 
5 

[5i 

53 

53 
54 
55 
56 
57 
58 
59 
6.1 

108 
109 

ii3 

114 
ii5 

6 
3 

8 

5 

9 
4 

io4 
■  r.5 
■.« 

108 
109 
109 

2 

3 

4 

8 

5 

T 
5 

i 

3 
4 

I3 
i4 
i5 

16 

\l 
■9 

33 

li 

36 

38 

3^ 

!53]5 

153.3 
153.9 
.■54.7 
i55.4 
.56.. 
.56.8 

.46,6 

\%i 

.48.7 
149.4 
i5oj> 
.50.7 
1S1.4 

.53.1 

.53.8 

J71 

;i 

74 
75 
76 
77 

?8 

22 

.949 

IS 

1^:8 
198.5 
199.3 

10 14 

188,3 

;s::2 

.90,3 

191.0 

43 
44 

45 
46 
47 
48 

n 

5i 
51 
54 
55 
56 
57 
58 

^;;? 

3».4 
33.1 
33.8 
34.5 
35.3 
36. « 
3fi.7 
37.4 
38.1 
38.8 
39-6 
40.3 
41.0 

43.4 
43. a 

39 

]?. 

3i 

3] 

35 

31 
34 
34 
35 

3*; 

36 

37 

IS 
38 
iy 
40 
4< 

73 
74 
74 
75 
76 

78 
79 

A 

8 
5 

3 

4 

TO 

73 
74 
75 
75 
76 

1 

i 
3 

63 

63 
64 
65 
66 
67 
68 
69 

116 

|[8 

>i8 
"9 

5 

3 

7 
4 

8 
6 

3 

V,3 
ii3 
114 
ii5 
116 

■  ■8 

160.4 
16..  I 
161.9 
i6a.6 
i63.3 
.64.0 
.64.7 
.65.4 

.54.3 
.549 

.56.3 
.57.0 
.57.7 
.58.4 

8a 
83 

84 
85 
86 
87 
88 
89 
90 

3o3i 
a<4.3 

»o6'5 

'1' 
|:'3 

.98..1 
.98., 
'99-4 

300,8 
101.5 

i3 

\i 

16 
>9 

32 

8[ 
81 
8j 

83 
84 
84 
55 
86 

6 

3 

4 

i 

3 

78 
79 

79 
80 

i: 

83 

83 

8 
5 

i 

3 

7 
4 

171 

73 
74 
75 
76 
77 
78 

22 

ii3 
i»4 
ii5 

135 

lafi 

138 
138 
139 

4 

i 

3 

8 

5 

119 
Ii3 

133 
134 
.35 

5 

2 

3 

6 
3 

3a 
33 
34 
35 
36 
37 
38 
39 
4" 

.66.9 
167.6 
168.3 
■69.0 
169.8 
170.5 
171.3 

160.5 
161  .a 
.61.Q 
163  £ 
l63.a 
.63.9 
164.6 
165.3 
■66.0 
166.7 

391 

1 

96 

109.3 
3iol8 

Ml. 5 

".iii 

3IS.I 

10a  .8 

303  5 

304  3 

ao4.9 

305.2 

306.3 
1064 

IKllJ  I)C|>.!   Lnl- 

Di.l  ,  lh:p. 

Lai, 

Uiil.j    De|>. 

Lai. 

Disi. 

Dep. 

Lai. 

Di*i 

D.p. 

Lai. 

[rop4 

tD.,r 

.... 

ro-„.db,GoOglc 


TABLE  11.                                           rPM«" 
Difference  of  Latitude  and  Depanure  for  45  Def^reea. 

bi«. 

Ui. 

D8p. 

Di.i 

Lu. 

Dep. 

Diit 

L«i. 

Itep. 

Din. 

Lau 

Dep. 

[>i« 

L.L 

D.P. 

3 

4 
5 
6 

8 
9 

00.7 
01.4 

o]!e 

o3.5 
o4.a 
04.9 
o5.7 
06.4 
07.1 

o3 
o4 
o4 
o5 
06 
07 

7 

4 

e 
5 

9 

i 

6> 

63 
64 
65 
66 
67 

69 

70 

43 
44 
45 
46 
46 
47 

48 
48 
49 

8 
5 
3 

4 

8 

5 

43.8 
44.5 
45.3 
46.0 
46.7 

'ii 

48.8 
49-5 

33 

a4 

35 

36 
37 

38 

86 
87 
87 
88 

9' 
9" 

6 
3 

4 

8 
5 

9 

86.3 

87.0 
87.7 
884 

Is 

91.3 
9.  .9 

8a 

83 
84 
85 
86 
87 
88 
B9 
90 

138 

138 

'S. 

i3o 
.3i 
i3i 

i3a 
i33 
i34 

4 

8 
5 

% 

4 

13B.O 

.38.7 
1394 
i3o.i 
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PW.W1                                TAiiLE  rv. 

The  Sun'B  Itelination  for  Apparent  Noon  at  Greenwich,  for  the  year  1364, 

which  will  answer  noarly  for  the  years  18G8,  1S72,  1876. 
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Tabi,e  IV.   A.— The  Eqiiirtion  of  Time  for  Apparent  Noon  at  Greenwich,  for 
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Equinox. 

TABLE  VI.                                          [fv-n] 

Son's  Kight  AMMnuioD. 
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Thii  T.Me  fire.  Mvly  il»  Sun'i  Riciil  Aiceo.ioii  tbr  Iba  yean  1833,  183*.  I8S5,  ud  1836.  and  n 

cal  AlmmiBc,  where  ii  ii  calciilsied  to  a  greaier  degree  of  atconry. 

Table  VI.      A. 

Corr^tian  for  A>  daily  wrufim  of  (J.  Etpi^Um  of  Ti^tfinmd  m  TaBLB  IV.  A. 
Find  the  daily  luUtion  of  Eqiuitioa  oTTime  U  Ihe  Up,  the  houi  at  Greenwich  at  the  aide. 
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Right  Ascensions  and  Declinations  of  k 
to  the  beginning  of  the  Year  16: 


ne  of  the  principal  Fixed  Stars,  adapted 
),  with  their  Annual  Variatioue. 


.%(»» 

Phonieia 

Andrconeda 

Caitiopeia Sc/udir 

Cat!   Dnuh  Kaitm 

Casaiopeiie 

Polar  Star,  tail  of  the  Little  Beu,. 

Ceti 

AndroDwdB Miratk 

CaaiopeiD 

Ced 

Eridani Jlekenutr 

CaaaiopeieB 

Cell BatemKailot 

Trianguli 

Andromeda   ^lamak 

Cell 

Coti 

Ah«tii 

EridMi  

Get)  Mtnlcar 

Penei jll£el 

Eridud 

Pnraei Algmib 

Penri 

EridMi. 

Tauri PUuiOim 

Petaei 

Tmri 

Tauri 'Aldibarah 

Kridaoi 

Auriga.    Capella ■^'^f^ 

Orionia mgtl 

Tauri 

Orionii BtOatrix 

Orionit 

Ononia 

Orionii 

Orionia 

Columbs 

Orionia..... 

t^Iuraba  

Anri^ 

Orionia Btttrgtux* 


3.3o.5i 
3.35.07 
3.37.M 
3.43.1B 


4.59.30 
5.04.09 
5.06. >l 
5.15.33 
5.16.01 

5.J7.07 
5.I17-35 
S.31.II 
5.33.30 
5.39.4a 
5.44.58 
S.45.3> 
5.45.56 
5.47-Q4 


8£.M  V. 
11. oS  b. 
34.43  N. 


».3oN. 

3.45  S. 


5.19  S. 
45.49  N. 

8.24  a. 

18.37  N. 


Right  AicenBionfl  and  Declinaiioiu  of  some  of  the  principal  Fixed  Stva,  adapted 
lo  the  beginning  of  the  Yesi  1830,  with  their  AiiDual  VariatioiiB. 


Cuiii  MbjoH* 

Canii  Majoria 

Arga* Canapv 

Geminonim 

Oeminorum 

Ctuiii  Mitjorif SiHu* 

Cnnii  Mujurii 

C>ni*  Mnjoru 

Cuiii  MBjoris 

Geminorum 

Canis  Majoria 

Cuiii  Minoris 

Geminorum Catior 

Ctnia  MinonB Proeyim 

Qeminoram  'Pollui 

Una  M&Jorii 

Hy^y^\\v^"'.'.'.'.'.'.'.'.'Jlia^^ 

Una  Majorii 

LeoDii 

Leonii 'Rcqdldi 

Uno  Msjoria 

UmBMsjori. 

UrweMnjciri Dui/u 

Una  Mojoria 

Hydm  and  Gnteris 

Oraeonii 

Leonii DtntbaU 

Virginis 

(JntB  Majoris 

Una  MajoriB 

CofTi 

Vir|pnii 

Cruda 

COTTJ 

Corri .Ilgorai 

DnMoia 

_  . 


6.i5.i3 
6.10.II 

6.17.53 
6.33. a8 
6.37.39 
6.51.57 
6.5<i.57 
7.oi.ao 
7.09.56 
7.17. 3> 
7.r7.56 
733. 44 
7.3o.a4 
7.34.54 
7.57.37 


17.53  S. 

51.36  S. 

16. 33  N. 


i3.49  S. 

46. 5o  S. 
54.05  3. 
48.4a  H. 
69.01  S. 
7.56  S. 
51.17  «. 
34.33  H. 
36.48  N. 
17.35  N. 
13-48  N. 
43-46  N. 
30.43  N. 

43.31    N. 

57.17  N. 
63.40  N. 
45. »5  H. 


it.i7N. 
16.11  N 

i3-53  a. 

70. .6  N- 

i5.3i  N. 
1.43  N. 
54.38  N. 
57.59  N, 

16.36  a 
0.17  N. 

63-09  B 
i5-34  S 
56.09  9' 

31.37  8 

70.44  S. 

58.45  S. 


TABLE  VIII. 


Right  ABoeniioDB  and  Declinationi  of  some  of  the  principal  Fixed  Stars,  adipud 
to  the  beginniiig  of  the  Year  1830,  with  their  Annual  Variations. 


■  of  Un  STARS. 


UrratM^ofii Jfofft 

G&num  VenalU Cor  Caroli 

Centanri 

Virgini* *SpiciI 

Vna  MDJoriB 

Unie  MajorU 

Bootii , 

Centanri 

CentMirl 

DneooU 

Booti 

CentaDti  ......... 

BootiE Mirae 

Libra Zutciufduniuii 

Ubrn Zmiaulguld 

Bootii 

Libra Zattu^gemiM 

DrtconiB 

CnTonn  Borealii Oemma 

Serf  utii 

Set  «nUi 

SerpcDlii 

scorpii '.'.!'.'.!!  !!r.l!"!I!"!"!! 
ophiucH"!!."!!.'.'.".'!"!!!!!!!! 

OphmcW 

H«rculi« ■. 

Soorpii  .....,,,. "Artaiiei 

Dracnnia 

Hercutis 

Ophiuc^i 

Hercuti* 

Hercnila 

Hrrcutii 

Ophiuchi 

Herculii 

Dmcnnii 

Scnrpii LMott 

Dmconis 

Ophiucbl 

Ophmchi 

Dracnnia Etanin 

Sogittarii 

Lyra "V" 

Sagitiaril 


3.40.50 
3.46,36 
3.51.55 
3.56.4a 
3.59.47 


4.54.09 
4.55.33 
5.07.5s 


i5.35.54 
i5.4i.»i 
iS.48.36 
t5.5o..B 
i5.55.34 
:5.55.34 

i6!i4^»5 
I6..9.0., 


17.16.36 
17.17-03 
i7.35.o5 
17.51. 40 


18. 43.4s 
t8.44.43 
18.51:35 


3.40 
I  63 


39.14  J 
35.49  S 
10, 16  E 

55.49  f 

so.io  r 

19. i5  P 
59.33  6 
35.39  S 


i5.3o  S. 
14.35  N. 
65,55  N. 


4.39  N. 
5).3i  N. 

34. J7  8. 
38. 38  N. 


...  C(.K>^^lc 


Right  ARcensions  and  DeclioationB  of  some  uf  the  principtd  Fixed  Stars,  adapted 
to  the  bq^inniog  of  the  Year  1830,  with  their  Annual  VarUtionB. 


M  umI  HMlioH  of  ibaSTAKS. 


V»riit, 
R.  A. 


DrsDonii 

Cy«l|ij: 

AquiliB *  Altiir 

CapricoTiii 

Defphini 

Deiphini 

Cy^ni DtTui 

Cjg™.. 

Cepliei 

Cephei JIUenuHin 

Ce;ABi 

Peipui 

Caprirarni 

pegJi.v.v.v.v.v.v.v.  v.: 

Pifcii  AmtrtJii *FoB*LHAirT 

PegMi 

Ptgnai 'MiRRtB 

Cephei 

Androineds 


I.  H.  e. 

B.57.'4 
B.57.36 


io.3i.45 
io.35.3i 
io.35.38 

7.n 

ii.o5.4i 
II.I4.3. 
!i.a3.36 


J. 37  N. 
7.»  N. 
7.36  N. 

3.12   N. 

S.a6  N. 


9.33  N. 
i.5»  N. 
6.19  S. 


1.36.36 

1.35.50 

1.57.39 


1.55.33 

3.56.18 
3.33.16 
3.59.37 


NoTB. — If  the  places  of  thete  Mftrs  ure  wutted  for  in;  time  belbre  the  beginning  of  the 
year  ISM,  mulUpIy  the  annual  vuriBtion,  in  right  Hceniian,  by  the  number  of  years  befnre 
mntl,  and  Boblract  the  product  fmm  the  right  ascension  standing  in  the  table  ;  but  the  prod- 
uct of  the  annual  variation  in  lieclination  by  the  number  of  years  before  1830  must  be  added 
to,  or  sabtracled  frnm  the  dec tinati on, according  ai  the  rign  —  or  -|-  ii  marked  in  the  Table; 
bat  for  any  years  afler  IdHIJ.  the  innnal  variation  in  right  ascension,  mnlttplied  bj  the  num- 
ber of  yean  lAar  1830,  must  bs  added  to  the  right  ascension  in  the  Table,  and  the  annual 
TarialioR  ia  declination,  multiplied  by  the  number  of  yean  after  1830,  must  be  either  added 
to,  or  subtracted  from  the  declination,  according  to  the  signs  in  the  Table.  The  Annual 
Variation  is  set  down  for  seconds  and  decimals  of  a  second.  An  asterisk  is  prefixed  to  the 
Stan  whose  distances  from  the  moon  are  given  in  the  Nautical  Almanac.  When  Terj  (real 
Bocnraey  is  mpiired,  the  eonections  found  in  T^les  XLII.  and  XLIII.,  for  aberration  and 
anution,  are  to  be  applied  to  the  numben  deduced  from  TaUe  VIIl.;  but  these  ooneotions 
are  generally  nut  of  much  importance  in  nautical  calculations.  The  oorrecled  tbIubs  are, 
however,  given  in  the  Nautical  Almanacfor  100  of  the  bright  stars  of  thiscatalogne  fbreveiy 
ten  days  In  tne  year,  and  these  values  are  always  to  be  preferred. 
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Thl9  table  conaiEts  of  twn  p.rt>,  for  finding  .  eorrtttiim  of  the  moon',  dirtmca  u>d  >  hg,. 

(h«  shitude  or  :il  Segrfn,  afler  which  Ihe  correction  i>  on   the   lell  hand   puce,  uid  the 
iDgarilhm  on  the  right,  both  beiag  (bund  at  the  ume  opeDinf  of  the  book,  ia  the  following 

njind  lAt  Cotrection  i!^  TabU  X/X 

1.  Enfr  the  t«b1"  marked  Curraiion,  and  find  in  the  side  column  the  mooD'a  appuent 

altitude,  or  the  altitude  nen  less,  if  there  be  any  uniti  of  niilei  in  the  altitude  ;  opposite  lo 
this,  and  under  the  minute,  of  the  mcwn'a  horiionlaj  parallai,  will  be  the  approximate  oor^ 
recti  nn. 

2.  Knter  table  A,  abreart  of  the  approximate  correction,  and   find   the   seconds  of  the 

under  the  Intier,  and  oppoiite  the  former  will  be  tlie  correction  of  table  A. 

mnnn'B  apparenl  altitude  (neglected  above),  optKJwW  to  which  will  be  a  number  of  aeconds. 
which,  being  addfd  to  the  correotiona  found  from  table  XIX.  and  from  table  A,  wiU  gl»e 

njhul  Uu  Logaridim  of  Tablt  XIX. 

uniw  of  seconds  in  it.     Abreaat  of  thle  in  the  table  G,  oppoaite  the  iiniti  of  eeconds  of  par- 

It  was  obacrved  in  a  former  part  of  his  vork,  that  in  fi\ilig  these  tables  >o  as  lu  render  the 
correctiona  of  the  tnblei  A,  B,  C,  sddilive,  it  had  been  found  necessary  to  make  the  great- 
est cr-rrectinne  correspond  to  0"  of  pnrallai  and  (V  of  altitude,  so  that  mi™  jjou  find  Utt  tx- 
act  paraUax  -md  altiludt  in  tht  >uU  M-i  lap  columns  of  bible  XIX.  it  luUI  uiU  be  w«««.rjf  to 

nf  altitude.     This  i>  evident  ftom  the  inspecOon  of  lUe  tables,  but  it  was   proper  to  moke 
this  remurk  a*  a  caution  to  prevent  mistakes.     To  illustrate  these  rales,  the  foUairins'  ex- 
amples are  given,  in  whibh  all  the  corrections  are  put  diwn  and  added  together^  but  alter  a 
little  prnctlce  it  will  be  very  easy  lo  lake  the  numbers  from  the  tahie  by  inspectioB  and  add 
Ihem  together  without  tba  trouble  of  writing  them  down  separately. 
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TABLE  XIX. 
Correction. 


^« 


>  '■  HoriioDUl  PuvIIbi 


troportional  uut  for  S 
of  Patdlu. 
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or  lit. 
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8.337. 


1  .3.  Si» 
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.  nil.  Lo  all.  44°  W'  and  pbt. 


iu.tniill.  90«[0'iin<lpiir.69'it    tl' 
1.0"pi>i   "" 


EXAMPLE   I. 
ude  44°  37',  and  her  horiioDtal  parallu  66'  S5".     lUqairad  the 


■Iht  Legar^hn. 
tie11.4^'>a]idpar.S6'« 


. .  Tab.  C.  6"  parallai 
Sought  loguithin. . . 


id  tiorJiODtal  panllu  99' 0".     Required  U 

FnrVu  Legtrithm. 

Id  Tab.  rii.  W  all.  W<>  and  par.  S 

, .  Tab.  C.  0"  f       " 
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TABLE   XIX. 
Correction. 
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49803 

3,5" 
3[6 
3'7 
3t8 
3i9 

4983. 

as 

5D343 

49B45 

5o356 
50393 

g 

5o4o6 

49873 
5oo.o 
50.47 
50384 
5o4io 

49886 

5oo34 
5o.6. 
50397 
5o433 

499^ 
5oo37 
50174 
5o3ii 
5o447 

49941 
50079 
5o=i5 
5o35i 
5o488 

5o==9 
5o365 
5o5o. 

3io 
3a  I 

333 

3^3 
3u4 

5o5i5 
5o65i 
50786 
50930- 
5 1 055 

5o539 
5oe64 

5.06a 

50543 
50678 
5o8[3 
50947 

5<.556 
5069. 
50836 
5096. 
5?S5 

5o569 
SoToi 
5o84o 
50974 
5mo8 

5o583 
5o853 
5^ 

5oB66 
5iooi 
5ii35 

5o745 
50880 
510.4 
51.48 

as 

sTois 
5 1163 

50771 
50907 

51175 

-3.5- 
3^6 
3>7 
338 
339 

5>>88 

5l333 

5i455 
5.587 

5E730 

5l30J 

5 1 335 
5i468 
5i6or 
51733 

5.1.5 
5i348 
5.481 
5.6.4 
5.746 

Si363 
51495 
51637 
51759 

5.341 
5 1 375 
5i5o8 
5i64o 
5.77' 

5.388 
5.531 
5.654 
51786 

5.403 
5i534 
51667 
5.799 

5.4.5 
5.548 
51680 

5.8.3 

5.4=8 

5i56i 
51693 
5i8S 

5i44i 

5.574 
5.706 
5.838 

33o 
33i 

33l 
333 
334 

5.85. 
5[983 
53114 
53344 
53375 

5.665 
5.996 

53137 

53357 
5i3«H 

51678 
53009 
53i4o 

5,89. 
Sioii 
5ii53 

53384 

534.4 

bi904 
53035 
53.66 

533^7 

53437 

5ai 
51440 

53^6. 

53333 
53453 

5=075 
5=305 
53336 
5=466 

53318 
5=349 
5=479 

5333l 

53363 
5349= 

335 
336 

No. 

53504 
53634 

53o3o 
0 

535.7 
53647 
53776 
51905 
S3o33 

1 

5353o 
53660 
53789 
53917 
53..46 

2 

5i543 
53673 
33803 
53930 
53o5B 

3 

53556 
53686 
53815 
53543 
53^7- 
4 

5.S6, 
IS 

5 

53583 
537.1 
53840 
53969 
53097 
€ 

53595 
53734 
53853 

7 

5=608 
8 

5i75o 
5=879 
53007 
53i35 

a.  13 


rt^m                              TABLE  XXVI. 

LoguithRiB  of  Numben. 

No.  MOO 4000.                                                       Log.  53M8 

Ga06. 

No. 

0 

1 

3 

3 

4 

5 

6     1     7 

8 

9 

340 
34i 

143 
Hi 

53-48 
53175 
534o3 
535=9 

53656 

53i6i 
53i88 
53415 
5354= 
53668 

53301 
53418 
53555 
53681 

533 14 
53441 
53567 
53094 

53453 

535fio 
53706 

53i[3 

53339 
53466 
53593 
537i9 

5335a 
5347? 
536o5 
53731 

53337 
53364 
5349, 
53618 
53744 

53i5o 
53377 
535o4 
5363 1 
53757 

53363 

53390 
535.7 
53643 
53769 

18 

346 
347 
348 
349 

5378a 
53908 
54o33 
541 58 
54183 

53794 
53910 
S4o45 
54  no 
54195 

53807 
53933 
54058 
54r63 
543o7 

538io 
53^5 
54070 
54195 
54310 

53958 
54083 
54108 
54331 

53845 
53970 
54S95 
54iio 
54345 

53857 
53983 
54,06 
54i33 
543?7 

5387" 

54345 
54370 

54008 
54.33 
54a58 
54381 
"545S 
5463,. 
54753 
54876 
54'«8 

53895 
54.iao 
54,45 
54170 
54394 
"54«8 
54M1 
54765 
54888 
55o,, 

9    ' 

35 1 
35i 
353 
354 

"3sr 

356 
357 
358 
359 

S4407 
5453  r 

54654 
54777 
549«. 

544.9 
54545 
S46fi7 
54790 
549 '3 

5443= 
54555 
54679 
54801 
54915 

54444 
54568 
5469, 
54814 
54937 

54456 
54580 
54704 
54817 
54949 

si 

5483o 
5496? 

544S1 
54605 
54718 
5485, 
54974 

54494 
546.7 
547-1, 
54864 
54986 

55oi3 
55i45 
55167 
55388 
555.K) 

55o35 
55r57 
55179 
55400 
55511 

55047 
55169 
5519? 
55413 
55534 

55060 
55i8i 
553o3 
554a5 
55546 

55,94 

55437 

5555B 

55o84 
55106 
55316 
55449 
55570 

55096 
55118 
55340 
5546. 
55583 

55,08 
55i3o 
55351 
55473 
55594 

55341 
55364 
55465 
546o6 

1:1 

55967 
56086 

56io5 

55355 
55376 
55497 
556.8 
55739 
55859 
55970 
56098 
56117 

Vi 

36i 
36= 

363 
364 

366 

367 
36S 
369 

55630 
5575i 
55871 

55641 
55763 
55883 
5&X.3 
56iii 

55654 
55775 
55895 
56015 
56i34 

55666 
557B7 
5590, 
56oJ7 
56i46 

55678 
55799 

'^"^ 
56,58 

55691 
5585. 
5593, 
56o5o 
56,70 

55703 
558i3 
55943 
56o63 
56.81 

557,  i> 
55835 
55955 
56^4 
56<94 

3 

4 
5 
6 

5634H 
56467 
56585 
56703 

5fi36o 
56478 
56597 
567.4 

56i53 
56371 
56490 

56716 

56i65 
56384 
565oi 
566io 
56738 

56396 
56514 
56631 
56750 

56169 
56407 
565a6 
56644 
5676. 

563o. 
564,9 
56536 
56656 
56773 

563,1 

56549 
5666? 
56785 

56334 
56443 
5056, 
56679 
56797 

56336 
56455 
56573 
5669. 
56868 

91  ' 

373 
374 

5fi83o 

5ri83i 

57183 
57199 

56844 
56961 
57078 
57194 
573T0 

56855 
5697a 

US 

57311 

56867 

57317 
57334 

56879 
1^3^? 

5689, 
57008 
57114 
5714. 
5735, 

56901 
570,9 
57,36 
57353 
57368 

569,4 

57.48 
57164 
57380 

57391 

376 
377 
378 

379 

S7W 
57519 
57634 

SIS 

57530 
57646 
5776T 
57675 

57416 
57541 
57657 

57887 

57438 
57553 
57669 

57449 
57565 
57680 
57795 
579m 

5746, 
57576 
5769J 
57807 
5791. 

57473 
57588 
57703 
57818 
57933 

57484 
57600 
577,5 
5783o 
57944 

57496 
576M 
57716 
5784. 
57955 

575«y7    - 

57613 

57738 

57851 

579&7 

3 

4 

361 

38i 
383 
384 
"385- 
386 
387 
388 
369 

57978 

58591 
581.16 
58310 
58433 

57990 

58i,8 
58331 
58444 

58ooi 
58115 
58119 
58343 
58456 

56117 
58140 
58354 
58467 

5Boi4 
58,36 
58i5i 
5B365 
58478 

58o35 
5Bi49 
58i63 
5B377 
58490 

58047 
58i6i 
58174 
58388 
585o, 

58o58 
58,71 
58i66 
58399 

58070 
58,84 
58197 
584T0 
58534 

58o8i 
58195 
583^ 
M43; 
58535 

6 
9\  '« 

58546 

5877T 
58883 
58995 

58557 
5807O 
58781 
58894 
59006 

585Sg 
5868i 
58794 
58906 
V'7 

58580 
58691 
5aSo5 
58917 
59028 

5859. 
58704 
58616 
58918 
59640 

58601 
58715 
58817 
58939 
5qo5. 

586,4 
58736 
58838 
56950 
59^a 

586a5 
58737 
58850 
58961 
50O73 

58636 
58749 

58647 
58760 
588,1 

3^ 

I 
1 

399 

59106 
59118 
59319 
59439 

59119 
59340 
5?45o 
,956. 

59,19 
59140 
59351 
5946. 
59571 

59,40 
5?i5, 
59361 
5$4ti 
595B3 

59,51 
59161 
59373 
59J83 
59594 

59,61 
59173 
59384 
5$4^ 
5S6i!l5 

V73 
59184 
59395 
5^566 
596,6 

59,84 
59395 

59617 

594.- 

5o5i8 
5963a 

10 

596GU 
59770 

6u.^ 

l9t'7i 
59780 
59890 
59990 
60108 

5979' 
5990, 
60010 

6oi36 

59704 
5^8,3 

6oo3a 
6014, 

597.5 
59814 
59934 
60043 
6ot5i 

59716 
59835 
59945 
6ou54 
6oi63 

59737 
59846 
59956 
60^65 
60173 

59748 
59857 

60076 
60184 

60.95 

9|9 

No. 

0 

1 

,      a 

4 

S 

6 

7 

B 

D 

TABLE  XXVI.                              IPM>  iw 
Loguithnuof  Numbera. 

Ho. 

0 

1 

a 

3 

4 

5 

6 

7 

8 

9 

4oo 
4o4 

60J06 
6o3i4 
60433 
6o53i 
6o638 

60317 

6o335 
60433 
6o54i 
60649 

603)8 
6o336 
60444 
6o553 

60347 
60455 
6o563 

6o34o 
60358 
60466 
60574 
60681 

60369 

6(^77 
6u564 
60693 

60379 
60487 
60595 

60390 
60498 
60606 
6d„3 

6040, 
60  509 
606T7 
60734 

6a3o4 

604.3 
6o53o 
60637 
60735 

4i>5 
4o6 
407 
4o8 
409 

bcr74b 
6oB53 

61(73 

6ff756 
6o863 
60970 
61077 
6,;  83 

60767 
60874 
609B, 
6(087 
6,i<)4 

6(098 
6i3o4 

6m?? 

6,oi3 
6,1, 9 

6,335 

^.11 
6,,3o 
6,336 

6093, 
6,o34 
6,i4o 
6,147 

60938 
6,045 
6,, 5, 
6,357 

^? 
61,61 
61166 

4.0 
411 
4" 
4i3 
4i4 

61378 
61 384 
61490 
61S9S 

613S9 
6,395 
6,5oo 
6,606 

6i3oo 
6,4o5 
6,5,1 
6,616 
6,73. 

61416 
6,5)i 

61637 
6i73( 

61436 
6,533 
61637 
61741 

6,33, 
6,437 
61 54) 
6,648 
6,753 

6i34i 
61448 
6,553 
6,658 
61763 

6.35) 
6,458 
6,563 

6,363 
61469 
6.5,4 
6,679 
6„84 

6.3,4 
6,479 
6.584 
6,690 

4.5 
4>6 

4?7 

4iS 
4.9 

6i8o5 
61909 
61014 
6}[i8 

6.8,5 
6!oa4 

63138 

63333 

6,816 
6(930 
63034 
63(38 
63343 

6,94i 
61045 
61149 
6)i5i 

61847 
61951 

63o55 
61(59 

63365 

61963 

63066 
61170 
61173 

6,973 
61076 
6)180 
61184 

6,983 
63086 

61)94 

6,888 
6,993 
6)097 

633o4 

63003 
61107 
633,1 
633.5 

430 

431 
433 
4i3 
4a4 

6=335 

63  53] 
63634 
63737 

6a335 
63439 
6)543 
6)644 
6)747 

63346 
63449 
6)55) 
6)655 
6)757 

6)356 
63459 
6)563 
63665 
63767 

63469 
6)571 
6)675 
61778 

633,7 
63480 
6)583 
6)685 
6)788 

6)387 
63490 
63593 
61696 
6)798 

61397 

6i5oo 
63603 
63706 
6)8oS 

6i4ofl 
6)5,, 
63613 

6)8,8 

6)4.8 
6353. 
63634 
61,16 
6)839 
6^.- 
63o33 
63.34 
63)36 
6333, 
63438" 
63538 
63639 
63,39 
63839 

4»5 
416 

4'7 
4^8 

43o 
4h 
43i 
433 
434 

437 

438 
439 

6)839 
63941 
63043 
63i44 
6334f, 
633/,7 
63/^8 
63548 
63649 
63749 
63849 

a? 

64147 
64346 

63849 
6395, 
631,53 
63,55 
63s56 

63859 
6396, 
63o63 
63,65 
63366 

63973 
63o73 
63,75 
63)76 

63880 
6398) 
63o83 
63,85 
63)86 

6399) 
63^ 
63,95 
63396 

63900 
63ooi 
63, 04 
63io5 
e33o6 

63o!) 
63,14 
633,5 
633,7 

6303^ 
63,34 
63i)5 
633)7 

633^7 

63458 
63558 
63659 
63,59 

63367 
63468 
63568 
63669 
6376$ 

63377 
63478 
63579 
63679 
63779 

63387 
63488 
63589 
636B9 
63789 

63397 
63498 
63599 
6365? 
63799 

63407 
635o8 
63609 
63709 
638o9 

634(7 
635(8 
636,9 

63438 
63538 
63639 
637)9 
638)9 

63850 

64,57 
&I356 

as 

64167 
64)66 
64365 
6446.1 
6456) 
6466n 
64758 

63879 

64,77 
64)76 

63889 
639S8 
64688 
64187 
64386 

63899 
639^ 
64098 
64197 
64)96 

64(o8 
64307 
643o6 

64i>8 
64317 
643.6 

64,38 
64)3, 
643)6 

64(3, 
64337 
64335 

440 
441 
44j 
443 
444 

64345 
64444 
64543 
64640 
64738 

64355 
64454 
64553 
6465o 
647J8 

64375 

Hi?, 

64670 
64768 

64385 
64483 
6456) 
646BO 
64777 

64395 
64493 

546?9 
6478? 

644o4 
645o3 
e46n[ 
64699 
64797 

644(4 
645,3 
646,, 
64709 
64807 

644)4 
645i3 
64611 
64719 
648.6 

64434 
64531 
6463. 
64739 
648)6 

445 
44fi 
44? 
448 
449 

64836 
64933 
65o3t 
65 138 
65335 

64846 
64943 
65o4o 
65,37 
65i34 

64856 
64953 
65o5o 
65,47 
65)44 

64865 
64963 
65o6o 
65  J  57 
65)54 

64875 
64973 
65o7o 
65(67 
65363 

64981 
65o79 
65 176 
65)73 

64S95 

',% 

65,85 
65)83 

64904 
65oo3 

65393 

64914 
65o.. 
65. 08 
653o5 
653o3 

049)4 
65o). 
65,, 8 
651.5 
653,1 

45o 
45 1 
45> 
453 
454 

in 

459 

6533, 
654,8 
655,4 
656.0 
65706 

65437 
655)3 
656(9 
657(5 

65341 
65437 
65533 
656)0 
65735 

65447 
65541 
65639 
65734 

65360 
65456 
65553 
65648 
65744 

6556) 
65658 
65753 

653,9 
65475 
655,1 
65667 
65,63 

65389 
65485 
65581 
65677 
65,73 

65398 
65495 
65591 
65686 

65783 

654oe 
655o4 
356oo 

55793 

658or 
658,6 

661S1 

658.1 
65906 
6600, 
66096 
66191 

65830 
659(6 
666,1 
66106 
66300 

65830 
659)5 
66030 
661,5 
66110 

65839 
6V5 
66o3o 
66134 
66319 

65849 
65944 
66639 
66,34 
66)39 

65858 
65954 
66^49 
66.43 
66)38 

65868 
65963 
66o58 
66.53 
6634, 

65877 

66,6) 
66157 

6588, 
65983 
66^7    . 
66171 
66166    _ 

No. 

0 

1 

,     3 

4 

5 

6 

7 

.      H 

fH-  ^'Sl                             TABLE  XXVI. 

Logarittims  of  NumDers. 

No.  4GO0 5300.                                               Log.  66276 TIWO. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

y 

46o 
461 

463 

464 

66376 
66370 
66464 
66558 
66653 

66i85 
66380 
66474 
66567 
66661 

65483 
66577 

663,8 
66401 
66586 
666B0 

663t4 
66406 
665o3 
665,6 
66689 

66333 
66417 
66511 
66605 
66699 

66333 
66437 
665ii 
66614 
66708 

66436 
66530 
66614 

'66717 

66351 

66445 
66539 
66633 
66737 

66455 
66549 
66641 
66-36 

J 

i 

6 

8 

0 

r 
3 

465 
466 
467 
468 
469 

66^4:- 
66839 
66931 
67015 
67117 

66755 
66848 
6694. 
67<^ 
67117 

66764 
66857 
66950 
67043 
67136 

66773 
66867 
66960 
67051 
67145 

66783 
66676 

67061 
67154 

667,1 
66BS5 
66978 
67071 
67164 

67080 
67173 

66904 

67089 
67183 

66913 
67^xl6 
67099 
67191 

6661, 
66933 
67015 
67108 
6710. 

5 

6 
S 

470 
47r 
471 
4-^3 
474 
4^ 
476 
477 
478 

-& 

4Bt 
481 
48J 
484 

67iio 
67303 
67394 
67486 
675^ 
676(i9 

67BSJ 
67943 
68034 

67119 
67311 
67403 

67"8 
67331 
67413 
67504 
67596 

67137 
6733i 
67413 
675.4 
67605 

67147 
6733, 
6743; 
67533 
67614 

67156 
67348 
67440 
6-.533 
67614 

67165 
67357 
67449 
6754. 
67633 

67459 
67550 
67641 

67184 
67376 
67468 
67560 
67651 
6^3" 
67834 
67,15 
6801 5 
68.06 

67103 
67365 
67477 
6756, 
67660 
67753 
67843 
67934 
68014 
68m5 

67679 
67770 
67861 

67951 

68.,43 

67688 
67779 
67870 
67961 

eeoSi 

67879 
67970 
68^61 

67706 
67797 
67888 

677.5 
67806 

68079 

67906 

^^8 

67733 
67815 
67916 
68006 
68,«n 

68114 
68115 
683o5 
68305 
68485 

fib  1 33 
68114 
(ib3r4 
68404 
68494 

68.41 

68333 

68333 
68413 
66503 

68i5i 
68141 
68331 
68411 
68511 

68160 

6Bi5i 
6834 1 
68431 
685 10 

68169 
68160 
68350 
68440 
6853, 

681 78 
6B169 
6835, 
68449 
68538 

68.87 
68178 
68368 
68456 
68547 

68.ti6 
68387 
68377 
68467 
68556 

68105 
66396 
663fc 
6S476 
68565 

485 
486 
487 
488 
4B9 
49f> 
491 
4v= 
493 

IS 

4w 

68574 
68(564 
68753 
68841 

69108 
69373 

{i8583 
(«673 
68761 
68851 
68940 
G9018 
69117 
69305 

68681 
68771 

68;^9 
69037 
69116 
69314 
69303 
69390 

68601 
68690 
687B0 

6^^ 
6,135 
69113 
653,1 
69399 

686T0 

68619 
68706 
6S7C7 
68686 
68975 

6861a 
68806 

68637 
68736 
668i5 
68^ 
68993 

68646 
68735 
6H8J4 
6S913 
69.K-,i 

68655 
68744 
68833 
6891, 
6901, 

3 

i 

6 

8 

9 

69055 
69144 
69133 
69310 
69408 

6<,o64 

6,14. 
6,31, 
694.7 

69161 

tit 

69415 

69170 
69156 
69346 
69434 

69090 
69.7, 
69367 
6?355 
69443 

69376 
69364 
6srf5i 

69461 

6,548 
6,636 

69644 
69731 
69819 

69478 
6,566 
6,653 
69740 
6^>7 

69487 
69574 

6>j67i 
69758 
69845 

6,504 
69593 

69767 
698S4 

69688 
69775 
6^1 

6,5=1 
^71 

6953, 
696.8 
69705 

69888 

Sot 

51.3 
5o4 

70*57 
70143 

69991 
C61 

7oj5i 

1^1 
7^8 

'oJfc 

69913 

70169 

69933 
70016 
70.05 

IS 

09940 
70114 
TO186 

SSI 

70131 

70195 

6„58 
70044 
70i3i 

7o3o3 

09900 
7oo53 
70140 
70116 
7o3ia 

69975 
7006a 
70148 
70134 
70331 

5,fi 
5«7 
5o8 
5^ 

7o3j9 
70415 
7o5oi 
70586 
7t«71 

704  j4 

70346 
70433 
7o5i8 
70603 
70689 

70355 
70441 

7o5i6 
70613 
70697 

70364 

70611 
70706 

70371 
70458 
70544 

70714 

70381 
7CJ467 
7o55i 
70638 
70713 

70J8? 
70475 
^56i 
70646 
70731 

70398 
70484 
70569 
70655 
70740 

70406 
704,1 
70578 
70663 
70749 

5io 
5ii 

5I3 
5i4 

70757 
7<«4a 
70937 

7!^ 

70766 
7oS5l 
70935 

71105 

70774 
7085, 
70943 

707BJ 
70668 
70953 
71037 

70791 
70876 
7096. 
71046 
7i:3o 

70885 
70,69 
71054 
7.13, 

70808 
70893 
70978 
71063 

-■■47 

70817 
70901 
70986 

7o8ii 
70910 
70995 
71079 
71164 

70834 
70919 

71.71 

3 

i 

6 
« 

* 
1 

Sid 

S17 
5l8 

5,9 

71181 
71365 

7iSi7 

7i44i 

7i5a5 

71366 
7i45o 
71533 

7I106 
7.190 
7' 374 
71458 
71543 

71466 
7i55o 

7i3o7 
71391 
71475 
7155, 

7i3i5 
7156, 

71340 
71334 
71408 
71491 
71575 

7"4B 
7i33i 
71416 
7l5no 
71584 

7.59. 

i 

S 
6 

7 

No. 

0 

1 

i! 

3 

4 

5 

6 

7 

e 

9 

TABLE  XXVI.                              tPM»m 
Lc^uitlune  of  Numbers. 

Ho.  63U0 -5800.                                                       Log.  71600 76M3. 

No. 
til 

0 

1 

3 

3 

4 

5 

6 

7 

8 

9 

71600 

71664 

'■1 

7.933 

71609 
7.691 

7194T 

71617 
71700 
71784 
7.867 
71960 

7.615 

7.709 
71791 
71875 

71958 

7.634 

71883 
7.966 

71643 
7.7,5 
7.809 
7.891 
7.975 

7i65o 
7.734 

71900 
7.983 

7.659 
7.743 

^'^ 
71908 
7199. 

7.667 
71750 
7.834 
7.9.7 
71999 

71675 
71759 
7iB4i 
719,5 

71173 
71155 
71337 
734.9 

3 

4 
5 
6 

I 

9 

Si6 

517 
5s8 
5.9 

711116 

71J63 
71346 

71014 
71107 
71.89 
71171 
71354 

7iudi 
71.15 

71180 
7i36i 

7104. 
73113 
71106 
71186 
71370 

71049 
73.33 

733.4 
73378 

730S7 
71.40 
73333 
733o4 
7,387 

71066 
73.48 
7ia3o 
7,5.3 
713?! 
71477 
73556 
7rf4o 

71803 

71074 
71156 
71339 
7i3ii 
7,4o3 

73,*1 

73.65 
71,47 
7,339 
714  n 

5 
6 

.' 

S3i 
53i 

533 

-i- 

536 
',37 
f3fi 
539 

71418 

7^673 

7S''54 

71436 
715.8 

71761 

7M44 

7i5j6 
71607 
71689 

71534 
71616 
71697 
71779 

71460 

7i54a 
71614 
73705 
71787 

7,469 
7i55o 
7i63i 
737.3 
73795 

71485 
7,567 
71648 
71730 
7381. 

71493 
71575 
73656 
73738 
7,819 

7l5o. 
71583 
71665 
71746 
7,817 

7^35 
71916 

73.>78 
73.59 

7J843 
71915 
73cKi6 
73086 
73167 

71851 
71933 
73oi4 
73094 
73T^ 

71860 

73.01 

73.83 

7,949 
73o3o 

73... 

73.9. 

7,876 
71957 

73o3a 

73' "9 
73.99 

7,884 
71965 
73.146 

73307 

71973 
73o54 
73i35 
731.5 

7,900 
7,961 
73o6, 
73,43 
73„3 

71908 
71989 
7307,. 
73.5. 
73i3. 

540 
54: 
54j 
543 
544 

73,39 
73310 
73400 
7348c 
73560 

73318 
73408 
73488 
73568 

73i55 
73336 
734.6 

73576 

73163 
73344 
73414 
73504 
73584 

73351 
73431 
735,3 
73591 

73360 
73440 
735,0 

?3368 
73448 
73538 
73608 

73,96 
73376 
73456 
73536 
736,6 

73304 
73384 
73464 
73544 
736,4 

73311 

7355, 
■7363, 

545 
546 

IS 

549 

7364(1 
737-9 

73957 

73648 
73g65 

73656 
73735 
738,5 
73894 
73973 

73664 
73743 
738i3 
73901 
73^. 

73671 
7375. 
7383o 

?39i8 
73997 

73687 
73767 
73846 
,39,6 
74i«5 

73695 
73775 
73854 
73933 
740.3 

73703 
73783 
73863 
7394. 
74o,o 

737.. 
7379' 
7387" 

740^8 
74107' 
74.86 
74,65 
74343 
74411 

3 
4 

I 

9 

S_ 

5Si 
55s 
553 
554 
"555' 
556 

559 

74<iJ6 
741.5 
74194 

74o44 
74113 
74101 
74180 
74359 

74o5a 
74.31 
74aio 
74168 
74367 

74060 
74139 
74118 
74,90 
74374 

74068 
74.47 
741,5 
743.  )4 
74381 

3;s 

74390 

74084 
74.63 
74i4. 
743,0 
74398 

74091 
74170 
74,49 
74317 
744"6 

IS 

74157 
74335 
744.4 

1 

6 

7 

744=9 
745o7 
74586 
74663 
■?474i 

74437 
745.5 
74593 
7467. 
74749 

74445 
74513 
74601 
74679 
74757 

74453 
7453. 
74609 
74687 
74764 

7a46i 
74539 

746,7 
746v5 

74771 

74468 
74547 
746,4 
74-!Oi 
74780 

7447fi 
74554 
74633 
7471" 

74788 

744B4 
74563 
7464o 
747.8 
74796 

74493 
74570 
74648 
74716 
748a3 

745oo 
74578 
74656 
74733 
748.1 

56i 

56i 
563 
564 

74974 
75o5i 
75 118 

74817 

74»J4 
74911 

75.43 

74841 
749'o 
74997 
75074 
75i5i 

7485o 

74858 

74865 
74943 
75olo 
75097 
75.74 

75o38 
7  .o5 
7  .83 

7488. 
74958 
75o35 
75.. 3 
75.80 

74H89 
749a; 
75^43 
75.  ,0 
75197 

565 
566 

75181 
75358 
75435 
755,, 

75j8? 
75366 
75441 
755.9 

,5,», 

,'«?3 

75450 

755i6 

753o5 
75361 
75458 
75534 

75,36 
753,1 
75389 
75465 
75541 

75,43 
753,0 
75397 
75473 
75549 

753,8 

754o4 
7548. 
75557 

75,59 
75335 
754.1 
75488 
75565 

75,66 
75343 
75410 
75496 
75571 

75174 
75351 
75417 
75504 
75580 

570 
57" 

57J 
57S 
574 

75587 
75664 
75740 
758.5 
7589. 

75595 

75747 
758i3 
75899 

756n3 
75679 
75755 
75831 
75906 

756B6 
7576, 
75838 
759.4 

75694 
75770 
75846 
7591, 

76701 
75778 
75853 

75709 
75785 
75861 
75937 

7564. 
75717 

75944 

75646 
■757,4 
75BOO 

7573, 

75884 
75959 
76035 
76,10 
76.65 

763S 

S7S 
57« 
577 

75967 
76041 
76ti8 
76193 
76168 

7597'* 
76o5o 
76115 
76,00 
76175 

76.33 
76108 
76,83 

76140 
76ai5 
76390 

76073 
76.48 
76:1,3 
76398 

76,55 
76230 
7«i3o5 

760,1 
76067 
76163 
76138 
763,3 

76010 
76095 
76170 
76,45 
76310 

761a'* 
76,78 
76,53 
76336 

95 

No. 

0    ,      ' 

2       3 

4 

5 

6 

7 

8          9 

1  CoDgle 


PV»J                              TABLE  XXVI. 

Lt^aritlims  of  Numbera. 

Ho.  GBOO MOO.                                                        Log.  76;M3 Bttfil6. 

N*. 
"MS 
58i 
58a 
583 
5M 

0    1     I 

2 

3 

4 

•■s 

G 

7 

8 

9 

7d343 
764i8 
764?» 
76567 
76^4 1 

7635o 

76S00 
76574 
7«M9 

76358 
76433 
76507 
7658a 
76656 

76365 
76440 
765 15 
76W9 
76664 

763-73 
76448 
765aa 
76597 
76071 

7638o 
76455 
76S30 
76604 
76678 

76388 
7646a 
76537 
7661a 
76686 

76395 
76470 
76545 
766.9 
76695 

76403 
76477 
7655a 
76616 
76701 

76410 
7648S 
76559 

76634 
76708 

3 

i 

6 
8 
9 

.1 

iB5 
586 

58, 

76716 
76710 
7686.1 
76938 

76945 

76805 
77oa6 

767  J8 
■>68ia 
7O886 
7696*. 
77034 

76810 
76895 
76967 
77041 

76817 
76901 
76975 
77048 

76760 
76834 
76908 
76^a 
77056 

76841 
769.6 

?5SS 

76775 
76849 
76913 
76997 
77070 

76783 
76856 
76930 
77004 
77078 

4 
5 
6 
6 

7 

1 
^ 

77085 

773o5 
773'9 

77340 
77J13 
77386 

77173 
77a47 
773ao 
77393 

77107 
771  Si 

77IS4 
773aT 
■-740. 

771-5 

77188 
77^3 
77335 
77406 

Si 

7734a 
774.5 

77ao3 
77176 

77' 3? 

77383 
77357 
77430 

77144 

77437 

77135 
77198 
77371 
77444 

50 

7745a 
775»5 
77^97 

T7743 

77459 
77S3; 
77&>5 
77677 
77750 

77466 
77539 
77611 
77685 
77757 

77474 
77546 
77619 
7769a 
77764 

7748. 
77554 
77657 
77699 

77488 
77561 
77634 

77779 

77641 

777  T  4 
77786 

775oJ 
77576 
77648 
777a  1 
77793 

77510 

77583 
77656 
77738 
77801 

77945 
78017 
78089 

78, eT 

775.7 
77590 
77663 
77735 
77808 
77880 

Got 
6t)i 

6o3 
M 
■eST 

6o6 
607 
608 
609 

77887 

78104 

77l>" 
77895 

78039 
78111 

77S3o 
7790a 
77974 
78<«16 
78118 

778J7 
77909 
779S1 
78053 
78115 

77844 
77916 
77988 
78061 
76i3i 

776S, 
779'4 

78.40 

7785, 
77931 
78003 
78075 
78147 

778»* 

78061 
78154 

78369 
78440 

785.3 

78176 
78147 

783 10 

It 

78183 
78154 
783a6 

-8333 
78405 
78476 

78,97 
78169 
78340 
78413 
7&4B3 

78104 
781-6 
78347 
784.9 
78490 

78111 
78183 
78355 
78416 

78319 
78190 
78361 
18433 
785o4 

78333 

783o5 
78376 
78447 
78519 

78140 

783.1 
78383 
78455 
78S36 

S 

r 

611 
61 J 
6i3 

614 

78533 
78604 

SI 

788.7 

76540 
786M 
78681 
78753 
78814 

786.8 
78669 
78760 
7883. 

78554 
78615 

'7^ 
78838 

78633 
78704 
78774 
78845 

78640 
78711 
7878. 
78853 

78576 
78647 
78718 
78789 
78859 

785S3 
78654 
787=5 
78796 
78866 

78873 

78697 
78668 
78739 

78880 

6113 
6.7 
6>8 
6,9 

78S88 
78958 
79019 
79c  199 
79109 

78B95 
78965 

79o3<i 
79106 
79176 

7890a 
7897a 
79"43 
79113 
79183 

78909 
78979 
79o5o 
79.10 
7919" 

78916 
78986 
79057 
791  a7 

78913 
78993 
79064 
79134 
79304 

78930 
79000 
7907" 
79"  4. 

79111 

78937 
79007 
79078 
79 '48 
79118 

78944 
790'4 
79085 
79.55 
79"5 

7895. 
79011 
79001 
79163 
7933a 

631 
6aJ 

ei3 

G14 

79139 
793.9 
79379 

79146 
79316 
79^86 
7*156 
79ia5 

79a53 
793a3 

79533 

79330 
79400 
79470 
79539 

79' fr? 
79537 
79^07 
79477 
79546 

79a74 
79344 
7»i'4 
79484 
79553 

79181 

7935. 

?r5^ 

79368 
79358 
79438 
79198 
79567 

79435 
795o5 
79574 

79301 
79371 
7^1 
79511 
79581 

616 
657 
6>8 
6^9 
63t" 
61 1 

633 
634 

7^57 
79737 

79595 
796(14 
79^ 
79B03 
7987a 

7960a 
7967' 

7^7? 
79748 
79817 
79886 

796.6 
79685 
79754 
79834 
79893 

79633 

7S3. 

799«> 

79630 
79906 

79637 
79706 
79775 
79844 
799' 3 

Si; 

79930 

79650 
79730 

799'7 

8007a 
8oi4o 
80109 

79941 
80010 
80079 
80.47 
803.6 

8008S 
80.54 

Boii3 

79955 
80014 
80091 
80161 
8oaa9 

^3^ 
8oi3& 

S0106 
80175 
80143 

79975 
80044 
801 13 
80181 
8oi5o 

80.10 
S0.88 
8oi57 

80117 
80195 
80364 

801 34 
8oaoa 
8017. 

a 

3 

4 
5 

6 
7 

7 

437 
638 
639 

80414 

SUSi 
8o55o 

80353 
8o4a. 
80489 
Boss? 

8o3?i 
8041S 
8o4?6 
3o564 

80,98 
8o366 
80434 
SoSoi 
80570 

8o3o5 
80373 
flo44T 
80509 
80577 

8o3ii 
8o38o 
B0448 
8o5.6 
8o5«4 

eo3i8 
8o3S7 
80455 
8o5a3 
8059. 

8o3i5 
80393 
Eo46i 
8o53o 
80598 

Bo33a 
80400 
8o468 
8o536 
80604 

8o339 
80407 
B0475 
B0543 
80611 

1 

No. 

0 

1 

3 

3 

4 

5 

6 

7 

s 

9 

TABLE  XXVI. 

Logarithms  of  Numbers. 
No.  M»0 ^7000.  L< 
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fM-'^l                               TABLE  XXVI. 

Logarithma  of  Numbers. 

No.  TWO ^7600.                                                       Lof(.  S4&10 B8081. 

No. 

0 

1 

3 

3 

4 

s 

6    ]     7 

8 

9 

TOO 
701 

S3 

■joA 

8457= 
84634 

8457S 

8«4o 
84703 
84763 

84584 
84646 
84708 
84770 

'A 

84714 

84776 

84597 
84658 
84730 
64783 

B454i 
846o3 
84665 
84736 
84788 

84547 
84609 
84671 
84733 
84794 

84553 
846,5 
84677 
84739 
84800 

84559 
8463; 
84683 
84745 
64807 

846=8 
84689 
8475i 
848,3 

3 
4 
5 
6 

I 
9 

I 

7«5 
■7r.fi 

;o8 
2.'2_ 

7>» 
713 

7i4 

7ir 
716 

719 

848,9 
fia945 

848,5 
84887 
84948 
a5oo9 

8483. 
848o3 
84954 
850.6 
85077 

84837 

IS! 

85^33 

85o83 

84644 
84905 
84967 
85o38 
85089 

8485o 
84911 
84973 
65o34 
85095 

84856 
84917 
84979 

6S101 

84934 
84985 
85o46 
85 107 

84S6b 
849J0 

85ii4 

84936 

iiu 

85, 3o 

as  187 

85346 
853.^ 
85.570 

85.93 
85i54 
853.5 
85376 

85.38 

85331 
85383 

85.44 
85305 
85366 
85337 
85388 

853  TT 

85373 
85333 
853,4 

85a  17 
85378 
85339 
854O0 

85i63 
85314 
85385 
85345 
854o6 

85169 
85330 
8539. 
85353 
854.3 

85,75 
85i36 
85397 
85358 
854.8 

8534a 
853u3 

85364 
B5435 

0543 1 
85491 
8555a 
85613 
85673 

H5437 
85497 
85558 
856,8 
85679 

85443 
855o3 
65564 
85635 
65685 

85449 
855™ 
85570 
8563, 
8569. 

85455 
855,6 
85576 
85637 
856.^ 

85533 
85583 
85643 
65703 

854&7 
85538 
85568 
85649 
857O0 

85473 
85534 

856^ 
857.5 

85479 
85540 
85600 
8566. 
8573  1 

BS485 
85546 
856o6 
85667 
85737 

730 

7J1 

;« 

734 

718 

85733 

B59,d 
85974 
B6034 
86094 
86>!3 
363.3 
86J73 

85739 
858oo 
H5B6o 
85930 
85980 
86040 
86roo 
86.59 
863.9 
86379 

858o6 
85866 
85936 
85986 

85751 
858.3 
85873 

8^3 

85757 
858i8 
85878 
85938 
85998 

85763 
85834 
85884 
85944 
86004 

B5769 
85830 

866.0 

85775 
85836 
85896 
85956 
86016 

8584a 
85903 
85^3 
86633 

86038 

86<i46 
86.06 
86.65 

86385 

86o53 
86., 3 
86.71 
8633. 
8639. 

86o58 
86..  a 
86.77 
86337 
86397 

86064 
86.34 
86.83 
86343 
863o3 

86070 

86e3o 
66,89 
86349 
863o6 

86076 
86.36 
86.95 
86355 
863.4 

86.41 

8630I 
86361 
86330 

86,47 
66ao7 
86167 
86336 

3 
4 
5 
6 

I 
9 

73o 

T?l 

■73j 

733 
734 

86Bj 

865 10 
86570 

66338 

864^7 
365,6 
B6576 

86344 
86404 
86463 
86533 
8658i 

8635<> 
86410 

865i? 
86587 

86356 
864,5 
86475 
86534 
86593 

86363 
8643. 
8648. 
8654o 
86599 

86368  i  86374 
86437  ■  86433 
85487 1 86403 
86546  1  86553 
86605   8661 , 

86380 
86439 

a 

866,7 

86386 
86445 
865o4 
86564 
8G6a3 

736 
^37 
-38 
-39 

86639 
B668S 

868nfi 
86864 

86635 

868,3 
86870 

8664. 
86700 
86759 
86817 
86876 

86646 
86705 
86764 
66833 

66653 
8671T 
86770 

S6656 
867.7 
86776 
86B35 
86894 

66664 
86733 
86763 
8684, 

86670 
86739 
86788 
86847 
66906 

86676 
86735 
B6794 

86853 
869.. 

S66fl3 
86741 
86B00 
86859 
869.7 

-4(1 

Til 

74a 
743 
744 

^4r 

-46 
■•4-' 
748 
^49 

86983 
87040 
87009 
87^7 
87316 
a-'a74 
87333 

87046 
87105 
87.63 

86935 

87053 
871.. 
67169 

8694. 

87,16 
87175 

86,<7 

87064 
87.33 
8718, 

86953 
87D11 
87070 

871 38 
87.86 

87017 
87075 
87,34 
87.93 

80964 
87033 
8708. 
87140 
87.98 

86970 

B 

87304 

67110 

!7ii. 
87380 
87338 
87396 
87454 

87337 
87386 
87344 
87403 
87460 

87333 
8739. 
87349 
87408 
87466 

87339 
87397 
87355 
874,3 
87471 

87345 
87303 
87361 
874,9 
87477 

87351 
87309 

87483 

87356 
873.5 

87489 

87163 
87330 

87336 

87384 
87441 
87500 

-51 

753 
754 

875i« 
87564 
87631 
67679 
87737 

67513 
87570 
87638 
87685 
87743 

875.8 
87576 
87633 
«769. 
87749 

87533 
8758. 
87639 
87697 
87754 

e-'587 
87645 
87703 
87760 

87535 

8?6?; 
87708 
87766 

B754, 

87714 
87773 

87547 
87604 
87663 
87730 
B7777 

87553 

87668 
87736 
87783 

87558 
876.6 
87674 
87731 

3 

i 

6 
9 

T 

759 

879  ro 
87967 
8S034 

878cx> 
87858 
87915 
87973 

878.* 
87864 
879a' 
87978 
88(^ 

878,3 
87869 
87937 
87964 
8804. 

67818 
87675 

87933 

87990 
88047 

87833 
8788, 
8793a 

87839 
87687 
87944 
66001 
8ao58 

B7835 

1% 

88007 
S8064 

87B4. 
87808 
87955 
680,3 
B8070 

87646 

87^1 
BBorB 

No. 

0          1 

a 

3 

4 

5 

e       7 

8 

9 

TABLE  XXVI.                                 [f^  «' 
Logarithms  of  Numbers. 

No. 

0 

1 

2 

3 

4 

S 

G 

7 

8 

9 

760 
761 

8«o8i 

88138 
88, o5 
88=51 
88309 

88087 
88144 
88J01 
88j58 
t)B3r5 

88093 

88,5o 
88307 

88afi4 
88331 

883.3 
88170 
e83i6 

88104 
88.61 

883 .8 
88175 
88331 

88, .0 
88,67 
68114 

88338 

88.73 
883  3o 
86)87 
86343 

88111 

66,-8 
68335 
88193 
68349 

88,84 

88196 
88355 
88411" 
68468 
885i5 
86581 
88(i38 
BK694 
88750 
666L.7 
86663 
669,9 
86y-5 
891.31 
891*7 
89.43 
89.96 

86,90 

68347 

6M3o4 

8636o 

664.7 

88474 

88530 

68587 

68M3 

88700   " 

88-56 

888.3 

8686B 

88915 

B8981 

89^7 

89..91 

89.48 

891.-4 

765 
766 
767 
7fi8 
769 

88366 
884=3 
8848o 
88536 
88593 

8837. 
88419 
88485 
8854J 
88598 

88377 
88434 
88491 
88547 
836o4 

88383 
88440 
68497 
88553 
686.0 

885oi 

885o8 
88564 
88611 

864<« 
8845-. 
885.3 
88570 
88617 
886K3 
88739 

889.* 

684i'<i 
88403 
885  m 
88576 
m-,3-1 

ss? 

8880, 

8885T 
889.3 

77  > 
773 
774 

88649 

888 1 8 
88874 

88655 
8871  r 
88767 
888j4 
88880 

88660 
B«7'7 
B6773 
B8B29 
88865 

88666 
88711 
88779 
88835 
68891 

88O71 
66738 
88784 
88840 
88897 

88677 
88734 
88791. 
88«46 
869.  ,1 

77fi 

778 

779 

88931, 
88986 
8904a 

8899a 
89048 
89104 

S8941 

H8947 
89o.>3 

89170 

88953 

6«v58 
69,>,4 
89070 
89136 
89181 

889li4 
B9030 
89076 
89,3, 
69,8, 

89,*  I 

89.37 
69193 
H9146 

693<.4 

654.5 
89471. 

781 
781 
783 
784 

H9376 

89315 
89"! 
89316 
89381 
89437 

B9376 
89333 
89387 
89443 

69181 
60337 
89393 
89448 

89131 

891J7 
89393 
89346 
89404 
89459 

B9143 

89154 
8^io 
89365 

8947O 

8^,5 

69436 
8.^46 , 

785- 
786 
787 
--88 
789 
790 
791 
79. 
793 
794 

89708 

8949= 
89548 
89603 
89658 
89713 

89504 
89559 

89609 
89714 

895<.9 
8^564 
69610 
89^75 
89730 

89^,5 
69570 
69635 
89680 
B9735 

89510 
89575 
891.3 1 
89686 
8974. 

69536 
89561 
8/,.36 
89691 
8^46 

89S66 
89641 

69807 
89863 

899,6 
8997. 

9<->36 

89591 
89647 
89701 
89757 
898.1 
89867 
89911 
89977 
9<«3. 

89703 

89Ki» 
89873 

89768 

89779 
8^34 
89889 
89944 

89785 
89840 
89694 
89949 
90004 

B9790 
89845 

S^55 

89796 

aoMSi 

899..5 
89960 
9-..5 

B9»^i 
69856 

-96 

799 

801 
80:. 
8a3 
So4 

90.137 

90146 
90300 

& 

9»4i7 

9047J 
9o5i6 

90041 

9t.;»7 

9";5. 
9o3i4 

& 

9^77 
9<>53. 

901.7 
90171 

90o5o 
90113 
90168 
90111 
90376 

90064 
90,19 
90.73 
90117 
90161 

9<«()9 
90.34 

90187 

9>«75 

$.338 
90193 

9.»*o 
90.35 

90,69 
90144 
9039B 

90.  «6 
90140 
9(..95 
90149 
903.14 

91.31 5 
9..380 
90434 
90488 
9<>54i 

9033. 
90385 

90493 
9054-^ 

9o336 
9"V' 
9..445 

90343 
90504 

91.558 

9<.347 
9040, 
90455 

90505 

90353 
9"4o7 
9.146. 
905.5 
90569 

9035& 
904.3 
9.vi66 
go5io 
9"574 

8oi 
809 

9o5Bo 
9.-5J4 
90687 
90741 
90795 

90585 
9^47 

90590 

9<fi44 
90698 
90751 
9i>8<i6 

9.>596 
9(^50 
90703 
9"757 
908,. 

9U6.U 
9<655 

908,6 

90607 
90660 
90714 
90768 
90833 

91.61J 
9.1666 
90730 
9"773 
9,*3:' 

9067, 

90735 
9.1-79 
90833 

9./133 
91*77 
90730 
90784 
9<«38 

90638 
90683 
90736 
907B9 
90643 

8.0 
Sii 
8. a 
8.3 
814 

90849 
9090J 
909i6 
9J^ 

908^4 
909.., 
90961 
9.014 
9.068 

9t«5o 
909,5 
90966 
9,030 
91073 

91*65 
909.8 
90973 
91035 
91078 

91 .870 
90934 

9'>977 
9io3o 
9.oft4 

90875 
90919 
90981 
9,o36 
91089 

91.S8, 
9-934 
9,.9S8 
91^.4, 
9K.94 

9<«86 
9.1940 
90993 
9,046 
91,00 

9;;53 
9.159 

9.3.3 

9.365 

9089. 
909^5 

9,.o5 
91.58 

9.365 

90897 
909S0 
9.<«4 
91057 

^7764 

9.317 
915^ 

5i3-« 

816 
817 

e.B 

819 

9M,t, 

9.169 
9"" 
91375 
91 3=8 

^;;;4 
5.334 

9,,3(. 

91180 
91333 
91186 
9.339 

9m3i 
9,  ,85 
9.138 
9119, 
91344 

,,i3, 
9i35o 

9.143 
9.196 
9,349 
9.3.11 

9..  48 

Mo. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

» 

Google 
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Loganthm*  of  Numbers. 
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8300 B800.                                                        Log.  91381 W«8. 

No. 

0 

1 

3 

3 

4 

S 

6 

7 

8 

9 

?73er 

9.387 

^TV 

& 

9<4o3 

9.408 

9,4.3 

9i4ifl 

91414 

9'4i9 

0 

Uii 

9' 434 

91440 

91445 

91455 

9146. 

9.466 

91471 

9"  477 

9. 463 

TTT 

S>i 

9 '487 

9149= 

I'X 

9i5o3 

9,5<« 

9'5i4 

9.5.9 

9i5i4 

91519 

9.535 

a,3 

oi54o 

91545 

9,556 

9i56i 

91566 

91573 

91577 

9i58i 

9.587 

3|S 

m4 

91593 

91^. 

91603 

9,609 

91(114 

9'6'9 

91634 

9i63o 

9,635 
9,687" 

9.640 

4.1 

"ei5' 

9164^ 

9i65i 

9,656 

91661 

"^566 

9,67a 

91677 

91(183 

9.693 

5 

616 

i:t 

91703 

91709 

9-7.4 

9,7,9 

91734 

9.730 

91735 

91740 

9.745 

6 

857 

9.756 

91761 

9.766 

9,773 

9' 777 

9.781 

9,787 

91793 

'X 

7 

818 

9, 81,3 

9[8<« 

91814 

9.819 

9,634 

9,839 

91H34 

9,840 

9,845 

8 

829 

91655 

9.86, 

9,606 

9,871 

91876 

91683 

91B87 

$1893 

9' 897 

91903 

9 

-83zr 

91908 

91913 

9,918 

9'9^ 

91919 

91934 

91939 

91944 

91950 

9,9« 

83i 

919&. 

91965 

91971 

9.976 

9198. 

9,986 

9,991 

9'997 

93003 

93™  17 

833 

93011 

93018 

93033 

93033 

93038 

93044 

93049 

53054 

93059 

B3J 

92065 

93070 

93075 

93^^> 

93085 

93.,9i 

giogd 

93101 

93,06 

93.,, 

B34 
-8-35- 

93117 
93169 

93133 
93,74 

93779" 

91,33 

93.37 

93,43 

91,T6 

9"  53 

9^158 

91163 

91184 

93,89 

93,95 

91100 

933,0 

^.T 

836 

9Jjai 

91316 

9333, 

93336 

9334; 

93347 

^iiSi 

93357 

53363 

51167 

837 

93373 

91178 

933B3 

933H8 

91193 

9330B 
933^0 

9i3<^4 

93309 

933,4 

93319 

838 

93334 

93330 

93335 

93340 

91345 

93355 

5336T 

93366 

9337. 

8do 

93376 
93438 

9338, 
93433 

93387 
9343a 

93393 

93397 

93401 

93407 

;i4i3 

91418 
■^46^ 

93433 
9=474 

91443 

93449 

93454 

95459 

93464 

BJt 

93480 

93485 

93490 

9^495 

9J5CK. 

91505 

93511 

93516 

93511 

93536 

843 

93  53r 

93536 

93543 

9354? 

93553 

93557 

93563 

93567 

93571 

51578 

843 

93583 

93568 

93V 

93650 
93701 

95603 

93609 

93614 

936,9 

91634 

91639 

844 
T45- 

93634 

93639 

93645 
"9^696 

9^655 

93^ 
937,, 

91665 

93670 

93675 

9368; 

9=686 

9369, 

937^.1 

93716 

93711 

93737 

93733 

5 

846 

93737 

93743 

93747 

93753 

93758 

93763 

93768 

9-'773 

93778 

93783 

B.i-, 

93788 

9"93 

pig 

93804 

93809 

93814 

938.9 

91814 

93B39 

93834 

848 

93840 

93845 

93655 

93860 

9^865 

93870 

91875 

93881 

93886 

■il^ 

93891 
93943" 

V.^M 

9390, 

^3906 

9'9" 

93916 
939*17 

93931 
93973 

9'9'7 

93933 
93983 

93937 

3 
5 

91947 

93953 

93957 

93963 

85i 

91993 

93998 

93<x)3 

93oo« 

930,3 

93o,8 

93034 

93.139 

93^ 

93039 

6 

85i 

93"44 

93049 

93o54 

93059 

93064 

93069 

93075 

$3086 

93o85 

93090 

653 

9.1095 

93 1«, 

93io5 

93,10 

931 15 

93110 

93.35 

93i3, 

93i36 

93.4t 

8 

854 

93^46 
93197 

1-^ 

93i56 

93161 

93,66 

93.7. 

^.7f. 

93181 

93186 

93.93 

9 

^353 

93307 

933,3 

93317 

93111 

93337 

93i3i 

93337 

93i4i 

816 

93347 

93358 

93i63 

93368 

93173 

9337B 

93383 

93388 

93193 

H'-'f 

93398 

933o3 

93308 

933,3 

933,8 

93333 

93338 

93334 

93339 

93344 

858 

93349 

93354 

93359 

93364 

93369 

93374 

93379 

93384 

93389 

93394 

859 

93399 

93404 

93409 

934.4 

93430 

93435 

93430 

93435 

93440 

93445 

860 

934V. 

93455 

93460 

93465 

^70 

93475 

93480 

93485 

93490 

93495 

861 

935<.. 

935<.5 

935.0 

935,5 

93530 

93536 

9353, 

93536 

9354, 

93546 

861 

93551 

93556 

9356. 

93.S66 

9357, 

93576 

93581 

93586 

9359, 

93596 

863 

93601 

93606 

f^'J 

936.6 

93636 

93631 

93636 

9364, 

93646 

864 

9365 1 

93656 

93661 

93666 

9367! 

93676 

93683 

93687 

93691 
93743 

93697 

93707 

^3771 

■^3^ 

93737 

93733 

93737 

93747 

866 

9375. 

93757 

93761 

93767 

93773 

93777 

93781 

93787 

93791 

93797 

867 

938o3  '  93807 

938.1 

938.7 

93839 

9-3837 

93831 

93837 

53843 

93847 

S68 

93853  ;  93857 

93861 

93867 

9387J 

93877 

93883 

93867 

93893 

93897 

8-0 

93903 
93953 

93907 

939.1 

939.7 

93911 

939'7 

93931 

93937 

53943 

93947. 

93957 

^96^ 

^9^7 

93973 

93977 

93961 

-p^ 

93993 

93997 

4 

P71 

94..03 

94007 

94013 

94017 

94ui3 

94017 

94033 

94037 

94n4l 

94047 

a^J 

94o53 

94057 

94061 

94067 

94071 

94077 

94083 

94086 

9409. 

94096 

]~ 

B73 

94101 

94106 

94... 

9i,,6 

94131 

^136 

94.3, 

$4.36 

94.4. 

94,^ 

674 

941 5i 

94156 

94161 

94,66 

94.7' 

94176 

94,81 

^186 

94191 

94'9fi 

e^T 

94301 

94306 

941,1 

943,6 

^4^ 

94336 

94331 

94136 

94340 

^4^ 

S75 

^350 

^355 

94360 

94365 

^370 

94^75 

943B0 

94i85 

94390 

94195 

877 

94300 

943o5 

94310 

943,5 

^330 

943j5 

94330 

94335 

94340 

^345 

378 

94349 

94354 

94359 

94364 

94369 

94374 

^379 

94384 

& 

54394 

i7i. 

»'399 

944<M 

94409 

944.4 

»44'9 

94434 

94419, 

94433 

94443 

9 

No. 

0 

1 

8    i     3 

4 

5 

6 

7 

8 

9 

TABLE  XXVI.                             IPw '» 
Logarithms  of  Numbera. 
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No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

880 
88i 

883 
88d 

9^.i9a 

94047 
94596 
V4"4i 

94453 

945o3 
9455a 
94601 

94458 

94S57 
946u6 
9-4655 

94463 
945rj 
^56) 
$46t. 
94660 

94468 
94517 
94567 
94616 
94665 

94473 
94555 
94571 

9465. 
94670 

94478 
54517 
94576 
94616 
94675 

94483 
54W1 
9458, 
94630 
94580 

94488 

94635 
94685 

9449J 
94545 

94641 
94689 

3 

6 
8 

• 

885 

mn 
887 

88S 

890 

f 

89J 

1- 

z 

9^f>94 
94-^3 
94-95 
94841 

94797 
94846 
94895 

94704 
94753 
94801 
9485 1 
94900 

13?^ 
94807 
9^856 
949"5 

947'4 
94763 
948.) 

949.0 

94817 
94866 
949.5 

94714 
9^773 
948a  a 
9487. 
94919 

94719 
94778 
94817 
94876 
949)4 

94744 
94783 
9483) 
94880 
94919 

9473B 
94787 
9,iH36 
94885 
94934 

94v3o 

95..3ti 
95C.85 
95,34 

95046 
95095 
9^143 

9l9W 
95i46 

94959 

95o56 
95io5 
95.53 

949'>J 
95015 
95,6, 

94968 
95.117 
95066 
95114 
95.63 

94973 

95o55 

95071 
95.19 
95.66 

94978 

95075 
9S.54 
q5,73 

94983 
95o3s 
95080 
95,59 
9i'77 

95,8. 
9.>3, 

9'5llg 
9'iJTf. 

951 87 
95j36 
95)84 
9533) 
95381 

9519) 
95*40 
95)89 
95337 
95386 

95390 

95.0. 
95)5o 

95395 

9550, 
95555 
95303 
9535a 

955., 
9.5560 
95308 
95357 
95405 

95a  16 
95565 
953.3 
9536, 
554,0 

9555, 
95570 
953.8 
95366 
954.5 

95516 
95174 
953i3 
9537. 
954.9 

900 
901 
90s 

S 

9'>4>4 
9'"M7> 
955JI 
95569 
V56.7 
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3  3: 

3  3; 

a  JS 
a  40 
3  45 
5  5d 
a  55 
3    0 
3     5 
3  10 
3  i3 

3   30 

3  36 
3  3o 
a  35 
a   39 

3  1^ 
3  if 

a   36 

1     . 

3   : 

a   i5 

:g 

1  53 
1  55 

[  5b 

1  4o 
1  43 
I  44 
1  46 

1     J3 

1   33 
<  35 
1  36 

1  3B 

I     3t 

I  33 

1   35 

I  16 

I  ae 

1     33 

1   a3 
1  34 

1    35 

1   a5 

1    7', 

1   at 

1  aJ 
1  a3 

■    33 
1    33 
I    34 

.33 

■  3: 

[  ]3 

36 
1^ 
1? 

17" 
33 
33 

"36 
37 
3R 

5 

1  4-i 
a  48 
5   5a 
a  56 
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3  3o 
3  34 
5  38 
a  4i 
1  45 

1  It, 
1  39 
I  3J 

a     3 
a     6 
5    e 

I  48 
1  5o 
I  53 
I  55 
<  57 

1  4u 

1 44 

1  46 

.  33 

1  34 

.  36 
1  37 
I  3b 

1  3o 
1  3i 
J   3a 

1    34 
1     34 
I    34 
1    35 

1   aS 

1     33 

I     33 
1     33 
1     33 
.     33 

ii 

i     7 
5  1. 

5  'f 
5  35, 

4  34 
4  4r 
4  47 

3  57 

4  a 
4    7 
4  la 

J    35 

3  3o 
3  35 
339 
3  44 

J    5 

3  u 
3  18 

3    13 

lit 

3    57 

3     t 

3    4 

a  4o 
343 
5  4>> 
149 

a   14 

a   a3 
a   a6 

3     ) 
3     6 
3     9 

1  4? 

;s 

1  54 

1   56 

i  43 
1  45 

1  46 

1  34 
1   36 

1 37 

I  3B 
1  40 
I  41 

1  44 
1  47 

1  39 

1   3a 
1   33 

1  a8 

1  34 

I   i5 

I     35 
1     55 

1    33 
1     33 
1     33 
.     33 

1     34 

5  4J 

6  i! 

453 

it 

5    M 

5  ai 

4   i7 
4  33 

4    57 

3  49 
35S 

3  58 

4  3 
4  11 

3  36 
3  3o 
3  34 

3  45 

3    a 
3  II 
J  i5 

3    8 

3  34 
a  36 
3  4i 

1   i3 
1   i5 

3     17 

1     3 

3     3 
3     6 

1  48 

\S 

1   5a 
1  55 

1   34 
[   35 
I  36 
L  38 
1  40 

1   3) 

I  3a 
.  34 

I   lO 

\ll 

I  14 

1    35 

I  16 

4i 
43 
43 
44 
46 
48 
5o 

53 

54 
56 

IT 
60 

63 

64 
66 

640 

6  55 

7  3 
7  '4 

5  4a 

5  55 

6  1 

6    TO 

lit 

5.6 

4  .9 
4  57 
4  35 

4  43 

HI 

5  3 

5     7 

5     [3 

5  17 

3  53 

4  0 
4    7 
4  14 
4  50 

3  3a 
3   38 

3  44 
3  5o 
3  55 

J  i4 
3  30 
3  15 
5  3o 
3  35 

5  45 
a   5<J 
3  55 

51 

lit 

1 37 

3    41 

1   1^ 

J    3- 

3     4 
J     7 

I  54 

1   56 
1   58 

I  il 
I  44 
1  46 
1  48 
1  49 

I  36 
I  37 

;^? 

1  43 

1  33 
1  34 
1  35 
■  37 

■  3i 

1     35 

58' 
6o 
6i 

64 
66 
-68" 
70 

74 

76 

IT 

So 
S] 
il4 
86 

7    35 

7  40 
7  48 
7  55 

6  36 
6  33 
6  40 
6  47 

5  47 
5  53 
5  59 

4  35 
4  3u 
4  35 
440 
4  45 

4    0 
4     5 
4  10 
4  i5 
4  .9 

3  3y 

11 

57 

3     7 
3  II 

3  i5 

is 

3  44 

3   47 
3  5o 

3    53 

354 

3    3. 

1  34 
3  36 

3     l4 

5  16 
3  19 

3       4 
3       6 

1    53 

\li 

1   56 
1  57 

1    43 

I  3b 

1  41 
1  41 

1  43 

1   35 
1  36 
I  37 
1   38 

^I 

S59 
7    4 

6     8 
6   11 
S.4 

5  35 
5  56 
5  3a 
5  33 

4  56 

4^ 

4  aC 
4  19 

4    ' 
4    6 
4    8 
i    9 

i  34 

3   36 

3  38 
3  3o 
3  33 

3  58 
3    0 
3     5 
3     4 

3  3B 

3  4i 
3  4j 

3    43 

3    33 

a   33 

3    34 
3    35 

a  16 

3       9 
3    l3 

i^o 

.  55 

1 53 

1 54 
1 54 

1  44 
1  45 
I  46 
1   47 
■   47 

il 

1   40 

6a 

70 

74 
76 

4  10 

3  34 

J    b. 

3  46 
1  47 

3    37 

a  38 
1  39 
a  39 
3  39 

1  r4 
3  .5 
1  16 
1  16 
3  16 

3       4 
3       4 
3       5 

a    6 

1 55 

1  55 
I  56 
1  56 

■  47 
1   47 
[  48 
>  49 
1  49 

1  4i 
■  41 
(  41 

1  43 
I  41 

7fl 
80 
83 

2J 

(?■ 

7* 

8" 

9° 

10° 

IP 

12- 

140 

I60 

18= 

W 

■sap 

24° 

26" 

28° 

30" 
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Third  CorrectioD 

Aprjareni  Distance  64°. 

Iff 

Aypartnt  AiUludt  of  lit  Sun,  Star  or  FUintt. 

4s 

32° 

34° 

36? 

38" 

■i   i5 

■.  4.1 

4lio  5CP 

|6  106  36 

5£ 

6  59 

5tf 

(Bi° 

(to'lTO" 

74"= 

78" 

82° 

ec 

fi 

1  41 

1    " 

7  Iff 

;■; 

I 

:t49 

4     : 

5  i6l5  3- 

1  4f 

^^9 

S  4f 

ti  If 

H 

,1     n 

i   u 

.1  ao 

J  3o 

349 

4      7 

4  ':■ 

4  3fi 

4  5: 

■i   ' 

5  36 

S  .If 

^^ 

J  bb 

1     9 

4    31 

4  5. 

4  5^ 

1    Vi 

1   il 

^? 

1    31 

4   M 

1   ■>■ 

1  .i- 

3  41 

3     ' 

1     17 

4    .1 

4  r 

1,1 

a  ( 

1  4' 

q  Si 

1     1 

1  If 

I'l 

a    r- 

3  3^ 

J  4' 

.(  1/ 

3  393  3: 

1  1^ 

3    3^ 

3  3: 

3      1 

J  iH 
1     1 

l—H 

._. 

i5 

15 

.  ',: 

r   V 

3  3 

3    30 

3  It 

3  .S". 

7  43 

1  5- 

1  4 

I  4- 

3     ; 

3     11 

3    ,tt 

3  4-' 

1  41 

3  ^l 

1  -1 

3   5d 

IS 

3  i; 

3    3, 

3  39 

1  4/ 

iH 

:^ 

1   4; 

.   5, 

3   11 

3  3- 

J   3f 

3  M 

1  31 

>  5. 

3    30 

3  aB 

3  Jo 

3 

r  .(o 

1    IS 

1  * 

\t 

1  •>. 

;  ? 

3   ^^ 

1    it 

r  >f 

1  .v> 

1    1- 

r  3', 

1  i< 

1  1< 

(  S-i 

1  Sq 

3     6 

:  ? 

.   1 

3     |5 

■J  ih 

xl 

1     3l 

1   .V 

r  :i3 

>  3- 

I   41 

1  4I1 

.  Ir 

r  5f 

1     "> 

1I 

i4 

I  if. 

1   iK 

r  Ai 

r    If 

1  41 

1   47 

1  S. 

.  5. 

r  !)- 

:^ 

a     5 

a4 

itl 

1   ^5 

t     3b 

1  3: 

1   iB 

1  35 

.  Jg 

[  43 

1  4- 

1  io 

1  53 

1   5( 

1  51 

1   bv 

35 

Ifi 

r  1/ 

,     ,1 

r   Jt> 

1   ,Hn 

,   Vi 

r  40 

1  4' 

I  47 

;t 

1 5, 

1  5i 

1   '■i 

,  11 

r  Ifi 

afi 

1     3 

1     J, 

T    .-i 

1    it 

1  3i 

1   3. 

.     37 

1  4 

I  A' 

1   41 

1  4' 

1    Sn 

T  ^1 

I   Si 

r  5.- 

r  i: 

1    Si 

1  Jf. 

1     3t 

1  3; 

1   1=. 

.   31 

1  41 

1  4; 

I  44 

r   41 

r  47 

1  4t 

att 

1     3> 

r  34 

1  s- 

■   Hr* 

1  :i3 

I  3! 

1  .3t 

>  4c 

1  4i 

1    43 

1   4 

t  4' 

I  4S 

I    33 

t     33 

I     li 

1     3i 

1     It 

1  16 

1    3« 

1  *. 

I  35 

1  37 

1  3tl 

1  3^ 

1   40 

I  41 

[  4> 

li 

,1, 

1  3, 

1  3. 

I   W 

r  3t 

I  'fS 

1   .Hfi 

1    V 

3i 

33 

1     3, 

1  36 

I  .V 

1  3i 

1    33 

I   < 

I   3, 

^■^ 

34 

1   I' 

1  3^ 

1    3f 

1     3t 

1   ,ln 

1  3 

1   3i 

M 

3!. 

1    31 

1     31 

I  ao 

1    31} 

t    31 

]     33 

1     3J 

1   }< 

1    35 

1    16 

1  37 

1   3H 

I  39 

r  3o 

35 

*i 

1   3, 

1   3; 

J    afi 

1  -.> 

37 

;;? 

\\t 

;;? 

I     3.' 

.     3. 

1     3^ 

1  n 

1   11 

17 

\\l 

L  a.' 

1  i'l 

W 

3? 

1  III 

1  tt 

\\l 

1  a. 

39 

1    17 

1  r 

1    !■ 

4i 
4t 

I " 

1     V 

1     19 

r   iH 

',\l 

1    r6 

1     16 

1  \l 

1   18 

;;? 

;;? 

•,'X 

::i 

4i 

^.( 

I  iH 

1     16 

I  iti 

4<1 

1     It 

t  It 

-18 

1  14 

1  ai 

46 

r    iS 

1     l^ 

r    14 

1    i< 

1  11 

V> 

I    1' 

1     1/ 

r   1. 

5i 

M 

1  1> 

1  1' 

r    |5 

r    r. 

14 

56 

1  19 

1  16 

]  >3 

I    3[ 

I    17 

1    i5 

I    |3 

1     13 

1    II 

1  11 

1 

K 

Go 

;g 

I  li 

1  3] 

',   3I 

1    iS 

.    .5 

I    |3 

!     M 

TM.F.     FJtB,ifS«'./.» 

66 

I  33 

1   lb- 

1   33  1   18 

1    16 

1    i3 

•; 

a.,.^  Ap^,^i  iKKo^. 

68 

.  33 
1  34 
1  34 

,  33  .    ,9 
I   34;.    T9 

I  34  1  19 

.    .6 
1    16 
1    16 

>   i3 

« 

»*■ 

I* 

K 

,^^ 

M 

1  3' 

1  3' 

t  >t 

1 

t6 

1  35 

1  3i 

1  iH 

« 

?" 

"T 

T 

7H 

.  35' 

Ri 

1  36 

1  3i 
1   li 

1  7R 

1  i5 

M 

t 

1    -i' 

a  1 

txi 

.  37 

.T2° 

34» 

3(P 

38°    42° 

46" 

SCP 

54" 

aep 

fW  fifi" 

» 
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Third  Correctiou.     Appareitl  Diauiice  (i8°. 

J- 

.Ipparml  Altitudt  of  tht  jiun,  Slur  or  />^iu(. 

% 

6 

7 
B 

9 

I3 
i4 
i5 

a: 

6° 

T" 

8° 

90 

ir 

It" 

12= 

14° 

16' 

a     5 
1  54 
1  46 

is-- 

w 

SB' 

24" 

a?> 

38" 

:«= 

6 

I 
9 

1  36 
1  4i 
1  46 

1   3i 

I  34 
1  31 

,  33 

■  37 
1  33 

1   3u 

1  4< 
1   36 
1  3a 
1   3o 
1   39 

1  46 

\t 

I  3i 
1  3o 

1    53 

1  43 

;s 

1  3i 

3     6 
1  54 
1  45 

1    14 

3  36 
3   [7 

1   54 
1   47 

3    53 
3   3o 
3     14 
3       3 
1     54 

3    8 
3  43 

3    35 

rw 

1  48 
1  43 

3  34 
3  5d 

!3 

a   33 

3  544  10 
3  33  3  3<> 

a  383  36 

■3 
■  4 
i5 

1  5] 
a  l4 

.43 

1  48 
1  5J 

1  4f 
1  44 

1    33 

.   35 
1  38 
1  43 
1  46 

1    33 

1  3d 
I  37 
1  4o 

;i? 

1    33 

1 34 

1  36 

1  3i 
1  33 

1  3o 
1   39 

1  33 
1   3i 

[  3o 
1  3u 

1   41 

;s 

1  33 

1  3i 

1  47 

1  41 

1  38 
1  35 
1  33 

1  54 
1  48 
I  44 
r  4c 

a     9 

1  53 
1  48 
1  44 

1  48 

1  58 
1  53 

,6 
'9 

a  j8 
1  36 
I  4> 

1    53 

3     0 

1  14 

a  3o 
1  36 

,  s, 

1    4 
a  Is 

1  5u 
1  54 
,   59 

1  44 

'   47 
1   5i 
1  55 
■  ^ 

M 

1  45 
■  48 

1     53 

1  38 
1  4u 
i  43 
1  46 

I    33 

1 34 

1  35 

J  37 

1   ^9 

I   3i 
1    33 

1  Jo 

;;s 

I  38 

,     39 

1    33 

1  3u 

V^ 

1  38 

1    33 

1   3u 
1   39 
1   39 

1  34 

1     33 

1   3i 
1  3o 

1  40 
1  37 
1  35 
1  33 
1  3i 

I  44 
I  4o 
'  37 
1  35 
1  33 

[  48 
1  44 

I  37 
1   35 

lb 

;s 

'9 

33 

a4 
a5 

i3 

35 

3     8 
3  15 
3  i3 
3  3i 

3  3, 

M3 

'A 
3     3 

3     9 

a  36 
a  33 
3  37 

a  43 
a  48 

^~h 

3   i5 

ii 

1  3i 
a  35 

1  56 

3     t 
'     9 

\\\ 

3    37 

1  48 
1   5> 
.  54 
r  57 
a     0 

,   39 
1  41 
J  43 

r  46 
1  48 

1  35 
>  37 

;2r 

1  43 

1  44 
1  46 
1  48 
1  5o 

[  3i 
1  3a 
L  34 
1  35 
716 
1  37 

\i 

1 43 

1     38 

1  39 

VI 

1   3i 

TT^ 

1  33 
1  34 
■  35 

1  36 

I    38 

I     37 

1   39 
1  3<> 
1  3] 

,    33 

1    37 

1  37 

1   Ju 

,  39 

1     3t 

1  Jt 
1  3o 

.  3. 
1  3u 

26 

IS 

3471 

3  55 

4  » 
4  ro 
4  17 
4  '5 
4  3i 
4  40 
4  48 
4  55 

J    33 

\t 

3    43 

a  54 
J    0 
J    5 
3  II 
3  16 

a     ; 
a     7 

1  54 
I  56 
,  59 

■  38 
1  39 
1 39 

1  3<; 
1   30 
1  3i 

.    33 

1  33 
1  34 
1  35 
>  36 
I  3t 
1  3S 

1  a7 
1  37 
1  37 
1  37 

i~S 

1    38 

\'l 

I  3o 

737 

1  3i 

1    33 

1  33 

1  3^ 

1    37 

1  36 

1 36 

1     3< 

1 37 

ii 

1  as 
■.2 

1  3i 

1  37 
1  36 

1     36 
1     36 

7l6 
1  36 
1   36 

1    36 
1     36 

ri6 

1    36 

1     3- 
1     36 

36 

:? 

"37 

3a 
33 
34 

35 

3? 
38 

4^ 

3i 
3a 

S3 
3i 
35 

IS 

4     a 

4    8 
4  i5 

3    33 

3  37 
3  33 

lit 

3     3 
3     7 

3     13 

3  16 
3  ai 

a  44 

3  5? 
3     3 

1  34 
3  38 
3  43 
3  46 

a  >: 

3  16 
a  3o 
a  34 

3     J 
1     6 
3     9 

3  Is 

1  5a 
1  54 
1  56 
I  58 

T~z 

a     5 
a     7 

3     f^ 

TTc 

3  16 
3  19 

3    35 

ns 

3  36 
3^3 
r45 
a  48 

3    5:^ 

a  56 

3^! 

3    3 
3     5 
3    7 

17? 

3  u 
3  II 

3     13 

1  Ai 
1  45 

1  47 

1  48 
1  5o 

13, 

1  3S 

1   33 
1   34 
1  35 

1  37 

30 

il 

3y 

5     1 
5  10 

5    J7 

5  M 
5  3i 

4  a< 

4   >7 

4  33 
2^? 

3  5o 

3  56 

4  1 
i    h 

3  36 
3  3" 
3  35 
3  4o 
3  45 

3    6 
3  10 
3  [4 
3  iS 

3    33 

3  57 

1  \ 

3  4i 

a  44 
a  47 
3  5<i 

3    35 

1    53 

1  54 
1  56 
1  58 

1  44 

;5 

1  43 
1  44 

41 
43 
44 
46 

538 
544 
5  5.. 

5  57 

6  i< 
h'T. 
6  Jd 
6  45 

6  56 

7  6 

7  3; 
7  4r 
7  48 

4  5, 

4  57 

5  3 
5    8 
5  .9 

4  ,6 
4  ai 
4  36 
4  3. 
4  4) 

HI 

3  58 

4  3 

4  10 

3  3u 
3  34 
3  38 
3  46 

3  16 

1:1 

3  56 
35^ 

3     q 

3    Jo 

a  33 

\t 

3  43 
3-T7 

3    53 
3   56 
3     ., 
3     4 

3     \ 
3     6 
3     8 

3  18 
a  34 

\  57 

3    3 

3   5 
1  e 

■  45 
1  46 
I   48 

\t 

TV. 
1   56 
I  58 
a    0 

.  39 
1  40 

\  il 
■  45 
1  47 

IS 

I  5a 
1  54 
756 
1  58 

i  ^? 

r~3 
3  4 
3  5 
3  5 

3     6 

>   37 
1  38 
1  4o 

1  43 
1  45 
1  46 

1   47 

[     33 

•  33 
1  34 
I   35 
7T6 
1  38 

i  4' 
1  4i 

1  aH 

:^ 

I  3i 
I  3i 

1    33 

.  33 
.  35 
1  36 
■  37 

4. 
4a 
43 
44 
46 
48 
5o 

53 

54 
56 
58 
60 
6a 
64 
66 
66 
70 

i 

48 
5o 

53 

54 

5  ao 

6  14 

6    33 

6  5? 
6  41 

4  5o 

4  59 

5  7 
5  14 

5    31 

5  aB 
5  35 
543 
5  48 
5  53 

4  36 
4  33 
4  4" 
4  46 

4  la 

4  iS 

3  38 
344 
3  5< 
3  55 

■  i5 

3  3. 
3  36 

5H 
6o 

64 
66 

4  53 
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This  table  gives  the  Variation  of  the  Compass  for  1871,  verj  nearlj  as  given  in  the 

Biitish  Atlmitalty  chart  of  Curves  of  Equal  Magnetic  Variation,  1871. 
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.9  57.5 
19  17.5 
39  06 

^9  "5 


3.  W.  Pasa. 

NEW   ORLEANS 

Baratarla 

Bayou  la  Fuurche 

Tioibalier  Island,  (Tonba- 

lier,)  N.W.  poinl 

Racoon  poinL 

Bayou   becarles,  entrance 
Point  auFer  Light.... 

R^bitlalind 

Sabine  River,  entrance. 
Galveston,  entrance 


U.  Ittandt  mUxtfal  India. 


-  Icacque   Point  10 
-PomlGalioie.  10 

-  Point  Galera  .  ic 


S.  W.pt 

Grenada  Bank,  ■ 
Barbadoea,S 


^^nsmeers  wharf 


Mar 


Diamond  Rock  1' 

Port  Royal... 

Macooba  PL  . 

Dominica,  Rowau 


D.  M. 


60  56 
&o  46 


60  57 
50  54 
6c  ."^5 


TABLE  UV 
I^tudes  and  Loogiinilfla. 


i  ThR  SaiDt'i  laltnd,  W.  pt 
1   MariegalanU,  8.  point 

Uuad£loupe,  S.  W.  pL 

N.  W.  pt. 

N.  E.pt.  .... 

Foiot  Cbatesa, 

S.  E.pt 

Dtaeada, 

Antigua,  E.  point 

Fort  Janiea. , . 

Montaerrsl,  N.  E.  point 

Kt'dondolBluid 

.\cvi»,  Charleslown 

St.     Cliriawpher'i     or    t 
Kill's,  N.  point 

St.  Ciutatia,  Town 

;t  or  Birds'  Island  . . 

llu-buda,  N.  pt 

St.  Baitholomeur,  8.  pt. 
St.  Martin's,  Marignt  Fort 
Anguitln,  S.  W.  pL  . . 
AnguiUeti,  N.  E.  pt,. 
Pricklj-  ten....:... 

St,  Croix  or  8l  Cm,  ob- 
•ervBlory 

S.  W.  pi... 

;  Anegada,  8.  point  ofilioal 

>  W.  point  . 

j  Virgin  Qorda,  E.  pt  . 
i  TortoU,  E.  point  — 
"  W.  point  .... 

!    St.  JollQ'S 

"  I.  ThoniM,  Fort  Chtiatian 

ird  Kev 

Serpent  I  iluid,  E ,  put  ■ 
Crab  Island,  E.  part  ... 

Capp  St.  John.orN.  E.  pt. 

POBTO  RICO,  St.  Au- 
guBline'i   Battery,  weat- 

era  turret  

[>inlBruqoen,orN,W.p. 

Point  St.  Francisco 

Cap;  Roio,  or  S.  W.  point 

Caju  de  loa  Muertoa 

Cape  Mala  Paaqua,  or  S. 
E.  pL 

ona  Island,  E.pt 

Zachto  or  Deaaecho  laL . . 

Cape  Ennno 

Saona  Isbnd,  E.  pL  ... 

SI,  Catherino's  Island.. 
!St.  Uoiningo,  Light.... 

ILaCalalina 

'Cape  Beats 

Altavcla  Rook 

Cape  laquemel 

IflLona  Vaeca  (a  Vsche) 

iPnint  Gravoia 

|Cape  Tiberon 


53  39 

_    '  56.9 
63  o3 
53  i3 

52  58 

53  j3 
63  37., 


64  »o 
64  ^1 
54  36 
54  46 
S4  4i 
S4  55.3 

54  55 

55  31 

55  19 


7  5o 
7  55 

:7  59 


58  3o 

69  ~.5 

70  It 
7.  33 
7-  3o5 

71  33 
73  34 
73  53 


Navua  laland 

Cape  DoDiis  Maria  ..■■■. 

m  Caymito 

«  PelilUUaTe 

B  Leogano 

g. PORT-AU-PRINCE  .... 
■  Ule  Gooave,  S.  E.  part  .. 

S  N.  W.  part. . 

..  Point  Si,  Mark 

*  St.  Nicola  Mole 

e'Toitugu,  E.  point 

JCAPE  HAYTI  CITY,.. 
'2  Slioal  aS  Monte  Cbriste . . 

I  MoBleChrislB 

i  Grange  Point 

J  Poi^Hbella 

z  Old  Cape  Fnm^ois 

CapeSamana 

Cape  Raphael 

Morant,  E.  point 

KINGSTON 

Port  Rov^,  Fort  Cbarira  . 

Portland  Point 

Pedro  Biuffa 

Black  River  

i  Savannah  la  Mar 

a  Cape  Negrii,S.  point.. 

i H.  point.. 

3  Montpgo  Bar 

■"  Falinootb 

St.  Anns 

Port  Maria 

Amatta  Bay 

N.  E.  point 

Morant  Keys,  or  La*  Panas  17 
Pedro  Sboala. 

Portland  R.,  N.  E.  p. 

South  Key  

Rock  5  iMt  above  water. . 

N.  pL  Pedro  8ho^ 

Forniigaa  Sbnal,  N.  E.  p.. 

' 8.    W.  p. 

Little  Cayman,  S,  W.  p.  . 

Caymanljrack,  E.  p. 

Grand  Cayman,  E.  point . 
Fort  George,  W.  end  . 
Swan  Islandi,  E.  pt.. 
New  abool,  (Sandy  Key,].  1 

J  Cape  Mayie  . . . 
_  Fori  Segttk  .... 
Point,    entr.    C«mbet4and 

BT.  JAGobECdBA, 

_       Light 

3  Tarquin-.  Peak 

J.  Cape  Cmi 

^  Manianillo 

0,Key  Breton 

■Trinidad  River 

Bay  XagiiB.  REverVigia.. 
iBlone  Kevi 


0.  M. 

N75  ocW 
74  i3 
74  o3 
73  43 

3  5o 

a  33 


78  ,5 
78  S4 
75  5o 

80  14 

7945 
Bi  10 
Si  a4 


1954 
19  58 


75  53 

76  5i 

77  4S 


TABLE   LIV. 
Latitudes  and  L<Higitudea. 


Loa  JaidioellM.S.  £.  point 
of  the  Bank 

Canal  drl  lotario 

lale  Pinei,  C.  pt. 

-W.pt 

Indian  Kevs,  N.  W.  pt.  .. 

Key  St.  Philip,  R.  pt  .... 

Point  Piedras 

Gape  Conienles 

Cape  St.  Antonio 

SoDcho  FmIto  Shoal 

Slioal  diicovered  in  JTW  . 

Loe  Coloradoa,  ffW.pt.. 

H.  E.  pt... 

Hill  Guajibon 

Bay  Honda 

PorlCabajia. 

Mariel 

HAVANA  (tboHon)... 

C»pe  Eacondido 

Pomt  Guanoe 

Pan  of  Malaniu 

MATA.NZAS  

Point  Yeaco. 

SbjoeKejoffdo 

Ke;  Crui  del  Padre 

Laa  Cabeua 

Nicholu  Shoal 

Key  Verde 

Key  Carenero 

Key  Froncii,  E.  p 

Key  Williani,  Dorthern. . . 

Pt  St.  Juan 

Centre  of  Key  Coco,  S. 
■ide  Bahama  channel  . . 

Key  Point  Paredon,  do.  . . 

The  Barrel 

Cayo  ConHtei 

Cayoor  Key  Vente 

Guajaia^N.  W.  pt 

Point  Malemilloa 

Neuvitaa 

Point  de  Hulaa 

Tanamo 

Key  Moa 

Point  Ouarioo 

N.   pt.  NatiriW   Bank,  or 

E.Reer. 

Superb  Shoat 

SilTeiKey.S.  E.  end 

N.E.  do 

N.  do. 

Square  Handkerchief 

H.  E.  point 

S.  E.  point 

.  S.  W  jwint 

Turk'i  Iibuid,  N.  p.  Grand 

Turk 

Bait  Key 

Sand  Key   

Endymion't  Rocka. 

Great  CaycDc  IbI.,  Swim- 

mer'a  Shoal 

N.  E.  p.,  or  Bboal  St. 

Philip   

—  S.  W.part 


Lot. 

!-«,. 

D.  M. 

D.  M. 

11  3iN 

Bi   17W 

ai  35 

31  4o 

:i  33 

13  00 

ii  5a 

13  i3 

11  56 

i3    31 

13  55 

31  ii 

.4  33 

31  5o 

■4  59 

J3  q6 

.5  03 

U  48 

i3  08 

33  48 

33    Ol 

i3  [3 

3J  o:,.! 

J3  5a 

*3  47 

;',s 

33  oe 

it  44 

33   03 

i[  46 

33  o3 

)[  4c 

ii  07 

Jo  55 

33  16 

Jo  36 

33  14 

.3  00 

-S45 

3>  34 

33     19 

76  57 

;:,?? 

7S    3Q 

78  o5 

77  56 

31  n6 

7-?  38 

11  SS 

77  3o 

31  4i 

It  36 

31  o5 

753. 

75  .3.3 

74  53 

.od9 

74  3o.» 

30    13 

L. 

i9<« 

30  i4 

„1. 

31    07 

TO  2S 

::s 

Vi  n.5 

;;i« 

31  07 

7"    19 

31  o5 

71  3» 

31     43.5 

31   53 

'*  Nortb  CaycoB,  middle.. 

S  Boob^Kocks,  offdo.... 

■  Providence      Caycoa, 
"        iV  W.p 

o   West  CayC0I,S  W.  p.. 

h.<  French  Key 

^  South  Point  Shoal 

i~-'  [nagua,  or  Heneaga, 


N.I 


J,  E.  p... 


N.  W.p... 

Little  Hencags,  E.  p.  .  ■ . 

W.  p.  . 

Hognties,  or  Coirolaea  ...  3 
Lookout  Bank,  (Cuidado)  3 

MaTBBUona,  E.  reef. 

..-■'-_  -..N.do 

:-8.  W.  do.... 

E.  point  French  Keya,  or 

lalePlanas 

MiroporvDa,  S.  Key 

Castle  Island,  or  ^  Key.. 
Fortune  laland,  S.  W.  pt. 
North  Key.  Bird  leland.. 
Crooked  Island,  W.  pt  . . 
Acklin's    liland,    N.    E. 

pt    ■■■■.; ;■,■■■; 


73  55 
73  40 
73  09 


Rum  Key,  E .  pt . .  _ 

Watland'.  bland,  N.  E.  pt.  J 

S.  W.  pt.  3 


-N.pt 3 

JaJvador,  N.  pt.  3 


and.  £ 


>   i>l- 


N.pt , 

Point  Palmelo. 

Harbor  Island 

New   HroTidence  light-h. 
NASSAU 

w.  pt."!! 


34  37 
.534 
.509 

<5  3b 


75  18 

75  43 

75  55 

7608 
7^43 

76  08 
76  38 


Black  wood^lBuih... 
Little  Inac,  {eaMem). 

Great  Isaac • 

Bernini    Island,    aouthem 

fresh  water  Key..... 

Gun  Key  light 

Cat  Key  

Riding  Rocks,  South  .. 

Orange  Keys,  N 

S 

Key  Guinchos, , 

Key  Lobos,  beacon,  SO  fl.  3 
Lai     Mucarai,    Diamond 

Point 

South  edge  of  the  Bank  . . 
,  Brothera"  Rocks. , 


.5  49 
.5  37 
i5    8.5 


78  5. .3 

7906.3 


TABLE    UV. 
Latitudes  atiJ  Loii|[itutles. 


Key  Sail  Dominffo 

Key  Verde  Iiland 

Key  Sal,  (fU^iiiecl  liluid, 
VuQia,  or  Loug  IbIuiiI,  8.[ 

N.  I 

EiuiiulN   W.p 

THE    HOLE    IK    THE 

WALL 

Lighl  on  do 

N.  E.  point  iif  Abaca. 

Elbow  Rpel'. 

Miin-or.WarKey.... 
Gre»l  Gmuio  Key  . , , 
~   ttle  BiJiiiiiK  Bank, 

emory  Rock 

Sand  Key  

Wood  Key,  or  Can-  Leno, 

Great  Bahama,  W.p 

Ep 

DoirKeyg,  M.  W.  p 

Water  [!«; 

Double-headed  Shot  Key, 

(elbow,)  lijibt 

Salt  Key  cent  beach  W.  aide 

Anguilla,E.  p 

GEORGETOWN 

Wreck   Hill,  wettemmoal 

Best  latitude    U>  run    tor 
Bermuda  .... 


D.  M. 

7S  -JSW 


i5  5i.5 
K.   1 8 

j6  37.5 
16  43 

,735 

16  57 


76  57 
76  5> 
76  57.5 


33  18.5  64  5o 
3i  06 


Bo  !i4.3 
79  36 

"  ■  37.6 


Mtxim  to  Cape  Horn. 


GsIvesLon  Inlet 

W.  u.  Galveaton  Ishuid  , 

RioBrmoB 

Pass  del  Carallo 

Anniaa  Inlet 

Corpus  Christi 

Bnun  de  Sanliago 

Rto  Bravo  del  Norte  .... 
River  St.  Fernando,  enti, 
Inlets  to  Lairuna  Madre. 
Bar  de  la  Mum 
River  St.  Am 

Bar  del  Tordo 

Mount  Cominandanle. 
Barde  la  Trinidad. ... 

Bar  Ciega 

River  rainpico , 

Point  deXerea. ...... 

Cape  Rojo   

TainiOffua  City 

River  Tnspan, 
Point  Piedrsi 
River  Ca»>nei  . 
Tencstequepe  . . 
Boca  de  Lima. , 
Rivar  Tocoluto, 

Mount  Gordo 

River  Nauta,  entranoe  . . . 
River  Palina,  enlxance  . . . 

Point  Piedraa 

River  de  Santa  Nob 


94°4yw 

95  16 

95  33 

96  :8 


97  58 
97  57 
97  58 

97  57 
?7  58 

98  3 
?7  45 


Point  Delirada 

Point  M.  Andrea 

Point  de  Bernat 

River  St.  John  Angel . . . 

Xalapa 

Peakde  Orizal>a 

Point  de  Sanipata. ... ... 

River  St.  Cailoa 

River  Antigua 

Point  Gordo 

VERA  CRUZ 

St.  John  de  Ulloa 

Kirer  Medellin,  entrance 
Point  Anton  Liiardo. . . . 

Bar  de  Aivarailo 

TlacotalpoD 

Vigia 

Point  Roca  Partida 

Point  Morilloi 

Pic  de  San  .MaitiD 

Point  Olapa 

Point  St.  John 

Barilla 

Bar  GuBiacoalco* 

lliver  Tonoto 

River  Sl  Ann 

River  Cupiico 

Dos  Bocaa 

River  Chittepeciue 

River  Tabasco 

River  St.  Peter  and  Paul 
iBtand  Carmen.  W.  pi... 

Point  Escondido 

Tavinal 

Point  Morroa 

CAMPECHE  

Point  Desconocida 

Point  Gordn 

Point  Fiedraa 

Igil 

St  Clara 

Bocasde  Sitan 

El  Cuyo 

island  JolVBi,  If,  p 

Uland  Contoy,  iV.  p  . . . . 
I&a  ArcDi  Ulands  S.  W.  I<l 
Bank  Obispo 
Triangles  Islandi  N.W.I"! 

New  Shoal 

Bajo  Neuva  Iiland  centre. 

Island  Arenas 

IsUnd  Bermejo,  or  N.  W. 

Shoal 

SLialFort 

N.  part  of  Bank  off  Utis 

H.E.do."!!!!!"'.!" 
lide  de  Mugeiea,  or 

men'i  Island 

Island  CawkuD,  S.  p. 

New  River 

River  Bacales 

Bay  Ascension, 

Island  Coaume I,  N.  p 

8.  <V.  p.. 

Point  Tans  ' 


TABLE  UV. 

Latitudes  tnd  Longitudes 


N.lrUngle,  N.  Key.. 


§  English  Ker 

3  Harr-MooDKeTlii[bl-h< 

E  HuKey. 

B  TobacoKeylBluid.. 


Skntuiilla,  or  Swui  IiUud 
Olo*er'>  Rsef,  N.  p. 

8.  p. 

HsD^ndo  Key  .... 

S&poUtlt'i  Keyi^  S.  E.  p.  . 
Rattan  latand,  '^  - 


Gnanaja,  or  Bonicca  lil- 

and.S.pt 

Cape  Tbree  Point! 

PoiDt  Sal 

Trinnro  de  Is  Cmi 

UUlU,N.p 

IViuilla 

Cape  Delegado,  or  Htmdn- 

CkpeCaniMDn 

CapeFalM 

Cape  Gncio*  a  Oioa 

Caionea,  VI.  u,. 

B.  B.  p 

,  Caymao,  or  Vivonlla 

j  Key  8t.Thainu 

i  Alagarte  Alia,  N.  W.  p. . . 
3 S  p 

f  Scnnilla,  N.  E.  breaker. . . 

S  W.  breaker  .... 

>  Banana,  N.  p 

8p 

Ouuu  Rec(ii,N.p 

sp 

RoncadoT 

Huaketeen,  centre 

Providence  Iiland,  N.  p.  . . 

Ned  Thomaa'i  Keya,  B.  p. 

Bracman'i  BlufT. 

Man-of-Wu- Key. 

Little  Corn  Iiland 

Great  Corn  laknd 

Binelielda.  entrance 

.  lale  St.  Andrew,  middle.. 

\  E.8.E.  Kevi 

9  8.   8.  W.  Key,  or  Atbu- 

\      qnerqae  

k  Pazoro  Bovo 

River  SI.  JohD,  S.  pL 

Port  Boco  Toro 

Ute  Ewsado,  N.  p. 

lUver  Chagie,  enl 

PORTO  HELLO. 
•  Point  Man  lanillo  . 

J  Point  8t.  Blu 

:  Point  MoMhiloi  . . 
[   liieofPinei 

Cape  Tiboran .... 

River  SuniqoilUi,  CDtnnce 

Point  Carabuia. 


B3  5i 
87  4o 
B7  48 


Bo  44 
Bo  4' 

79  J6 


Ba  39 
Bi  5B 


Point  Arboletea 

Iiland  FuertB 

lale  8t.  Barnard,  N.  W.  p. 

CARTAGENA 

PunlB    de     U    Galera    de 

Weatentrance  River  Mag- 

St.  Martha. 
Cape  Agnji 


D.  M. 

S  55N 
9  »4 


quebisdor 


.,S.p... 


BankNi 
Haoba. . 
Cape  La  Vela.. 
Point  Gal  Unas.. 
Mangel  Islanl 
Cajie  ChichLbi 

Point  Espada 

St.  Carlos 

MARAOATBO 

Point  Cardon 

Point  HacoIIa 

Cape  St.  Rraun 

IilandOruba,  N.  W.  p,.^ 

S.E.p.... 

Point  Aricnla 

Point  Zamuro 

Point  Soldado 

Key  Borracho 

Point  TueitAi 

PORTO  CABELLO  ... 
Point  St.  John  Andre*. . . 

Point  Diicaro 

Point  Trinchera 

LAGUJRA 

CARACCAB 

CentineUalaland.or  White 

Rock.... 
Cape  Coder 
Cnraeoa  Island,  N  I 


I>.  M. 

76  3oW 
76  16 

75  56 
75  38 

75  3o 

74  S6 
74  18 
74  16 
73  .5 


71  45 
69  5o 


Orehilla  Iiland,  middle...  ' 
Blanca  laland,  middle.... 
E.  point  Tortnga  li[uid  .. 


Island   Cuairua,   or    Pearl 

Island 

Priar'i  laland 

Iiland  Sola 

Testjfos  Island 

MonodeUnaie 

New  Batcelona 

Island  Uorracho 

Cuinana 

Pta.  de  Araya 

Morro  Chocopata 

Eieondido,  or  Hidden  Port  k 
Cape  Malipasqua 


18     68  7 

So      67  5o 

34     67  18 

37      S7  8 

3o*S7  I* 


8  49 
8  45 
5B  3i 


S746 
67  3j 
67  I 
S6  it 


64  18 

53  49 
63  40 

63  i3 

65  3> 

54  48 
54  5i 

64  16 

S4  3n 
63  54 
63  19 
63    7 


TABLE  UV. 
Iittitudes  tad  Longitudes. 


Cape  Three  Pointi... 

Point  Onlen 

L  Pens,  or  Solina. 

Dr&gon'i  Mnulh 

River  Gaaraipiche,entrance 

Point  Redondo 

Month  of  Oronoco  River, 

C&pe  Nunu 

Euequebo  River 

DEMERARA  River  ei 


Corrobuio  Point. 
i  River  Berbice,  e 
n  River,  ■ 


3  Rive 

»  CAYENNE 

Mouth  of  Ojmpoek  River 

Cape  Orange 

River  Cuiipour,  entrance 

Cape  North 

Northern  month  of  Rivsr 
Anuuon 

Southern  do.  do 

Cape  Magoonj .......... 

Point  TagioM 

Para 

Bay  Maiacuno 

Caite  harbor 

Cspe  Gurapi 

Shoal  off  do   

H,   paint  of  Island  of  St. 

Vigia,  fplV  in"  with'hj'Mr. 
Du  SvIvLb,  officer  of  the 


Vigia  of  Manuel  Lnii, 
Weiterly  Rock 

Mondruin  llacolami 

9  Mt.  Alcgre,  (the  aummit,) 
,  Alcantara,  (writ  church,). 
i  R.K:k  E.  of  UleMedo.... 
i  City  of  San-LULI  de  Mw- 

i       anham,  (Cathedral,) 

'  Fort  Sant  Antonio  du 
Areiis,  (the  flaff-«taff,)  . 

Fort  San  Aarco.?....... 

Isle  Mnranham, (white  land 


the  North  one 

I North-we«  one 

; West  one 

lale  St.  Anne,  N.  E.  point. 

Breakers  of  lale  St.  Anne, 
I     E.  point  

Morro  Alerre 

Lancoei  Grande,  E.  point 

River  Perguicas,  E.  point, 

River  Tuloyo    " 

PedradeSal 


Ml  Tapuyn,  W.  mmnu 
Mt.  Hcnndiba,  lummit. 
Point  de  Jericacoara,  the 

'  '  rlifsl  aaod-hill 

I  liill  lu'ur  the  Mhore 


M  17 
44  i5 


44  04 
43  58 


4o  5o 

40  5i 

40  37 


Monnt  Meoioca 

Rnccaa,  (dangeroui,) 

PemambuquiDho 

,  Morro  Melancia 

I  Sand-hiUofPamU 

I  Mountaing  of  Ciara,  Ist  .. 

3d    do.  .. 

4th   do.  .. 

5th  do.  .. 

Ciara,  steeple  in  the  city  . 

Point  Macoripe 

Horro  AiacaU,  siuamil. . . 

Point  Reteini  Grande.... 

Beleiio  Pequeno,  remarka- 
ble aand-hill 

Morro  Tibao 

Point  de  Mel 

Point  duTubarro.... 

(Breaker)  dai  Urcaa. . 

delaLavandela. 

Pt  Calcanhar,  inmniit  . . . 

Point  Petetinn,  low 

CAPE  STTROQUE.... 

Fort  of  Rio  Grande 

Point  Negxa,  rziouotain . . . 

Point  Pipa,  sand  monnt  .. 

Bahia  Fermoaa,  S.  point.. 

Bahia  da  Traicao,  N.  pL,. 

Chnrch  of  St.  Theieaa. . . . 

.  Fort  Cabedello 

3  Paianahyba  de  Norte 

i  Cape  Blanco,  ateep  part . . 
B  PointdeGuja 

Point  das  Pedraa 

Village  of  Pilar 

Fort,  entrance  of  Rio  Ay.. 

NoBsa  Benora  Faiinha. . . . 

OUndo,  west  towei 

Tower  ds  Recife,  Pemam- 

Noaaa  Senhora  de  Rosario   i 
CAPE   ST.  AUGUSTIN   ( 
River  Ipojuca,  entrance  . 
Hoimt  Sellada,  S.  peak  . 

Islands  ofSt.  Aleiio 

Fort  de  Tamandar^ 

San  Benio 

VilW  of  Qninta 

La  ForquUha,  (hill,) 

Frenchmen's  Port  ...... 

Village   at   the    point  ol 

River  Alagoaa 

Morro  Sant  Antonio 

River  San  Franoiaco. ... 
Tabayuia  Mountain,  snm- 

a  Rio  Vaaa  Barrn 

3  Rio  Real,  S.  point  ... 

E  Torre  de  Garcia  de  Avila.  1 

Rock  of  Itapoan 

Itapuaniinko,  the  point. . 
S-T    ANTONIO,   N.  W 

P<»nl  Cazo    Pref[oa,    Isle 

Itaporioa ' 

Point  Aiatubo,  do.,.. 


TABLE  LIV. 
Latitudes  and  Longilndei. 


Paint  labuni,  I«le  Itaptmu 

Mount  CoQceicBo,  do. .  ■ 

Morro  Suit  Amuro,  do. 

Morro  de  Sui  Pftulo .... 

Inle  Boypeda 

J-le«mepi 

Point  of  Mut& 

Vdlaof  Cont» 

Os  Itheiw,  the  lu^it  rock 

Villa  de  San  George  doa 
Itheos 

Rio  C&cboeira,  S.  poi 

VUlaof  Unha 

:  Morro  de  Conunandaluba, 

J      3.  U.ianuDtt 

!  VilUge  of  Commandatuba 
I   VUlBgeofBelmoDL 

Santa  Cnii,  iteeple 

Porto  Seguro,  iteeple  of 
the  Cauiedral 

Isolated  Mount 

Mount  PommI,  lummit. .. 

.Mount  Joao  de  Siaui 

!i  Cramimuain 

Columbiana 

Villa  Pndo,  fort 

Abrolhoi  Ulanda,  (the  lai- 
gEit  island,] ■ . 

Rio  de  San  Mattheo 

□  Doce,  entiance 

Sem  doa  Reia  Magoe,  the 

;  MoiTO  Alineyda 

1  Meatie  Alraro,  iiiminit.  ■ . 
'  Cape  Zubarro 

a  "Pllon/'at  the  N   of  the 
city  of  Victoria.... 
to«a  Seohora  da  Peoba, 

Mount  Moreiil!!!!! 

Pacotei  Rocka ,, 

Point  Jicu 

:es  Ruu. 

a  Calrada 

Guanpari 

Morro  Bo,  (isolated  m 


Mor 


"0. 


9eTra  de  Guarapari 

ML  de  Cunpo^  S.  sammit 

Mountains     of     Flmdo, 

bigheat 

;  CAPE  ST.  THOMAS.. 
,  lale  St.  Anne,  the  larEeit. 

Pic  do  Fraoe  de  Mocahe . . 

M:.rTO  9an  Joao,  BUmniil . 

Cape  Buiioi,  3.  point.... 

CAPE  FRIO,  S. point..'. 

Cape  S«pi> 

IalesManca<,nnthernDi<Ml : 

itedondo : 

RIO    JANEIRO,  (Sonr 

Loaf,l ,  • 

La  Gabia 

lile  GeoTp  Gtego.  ■ . 

O.  Pakagnio,  top  of  Ids 


D.  M. 
38  36W 

38  41 
38  45 
38  54 
38  57 
38  57 
38  57 


39    3 

39  3r 
3935 
3937 
39    9 

39    T> 

39  .a 

38  it 

39  45 
39  5i 


i*!t 


43     9 
43  aS 


lUn  Grande,  Pt.  Aoaya... 
Point  loatinya 

Pic  de  Panti,  nimniit .... 

Iile  Couvei,  largeet 

lale  VitJiria 

llle  Bozioa,  S.  E 

Ulee  doa  Porcos,  S.  nnd- 

hill 

lale  SL  Sebaitian, 

higheat   mountain 

Ft.  Piiaaonungo. 

Moutan  de  Trigo 

L&ge  de  Santoa 

PoTntGroaM 

Taj-pu 

Isle  Queimsda  Grande.. 
lale  Queiioada  Fequeiu.- 

Mount  Caidoi 

lale  Bod  Abrigo 

Rocher  CaateSo 

Rocher  Figo 

lalede  Mpl,  S.  top 

Roc  Corai 

Roo  Itucolomi 

Point  Joao  Dial 

lales  Tamboretea 

lales  Reniedio* 

Point  llapocoroya. 

IbIc  Arvooredo,  lop 

lale  Sl  Catharine,  £.  pU 

Pt  Rapa 

Steeple  of  Koasa 

Senhoia  do  Deaterro, 

Morro  de  Sta  Maria 

Porto  St.  Pedro 

CnpeSL  Marj 

leland  Loboa 

Moldonado  harbor 

Point  Piedrat 

MONTE   VIDEO,  Rat: 
BUENOS  AYREH... 

Cape  St.  Antonio 

Cape  L>oboB 

Cape  Corientea 

Point  de  Neuva 

St.  Helena 

Bt.   George'i    Bay,  Cape 

Cordova 

Cape  Blanco 

Point  Desire,  ruins. 

Port  St  Julian,  Cape  Cori- 

SLCrui  harbor 

Cape  FnirweathfiT 

CapeVirgin,norlhpni  point 
ofentianceto  Magelli 
Straits 

Cape  Espirito  Santo,  (e. 
treme  point  of  do.) 

Terra   del    Fuego  1    Cape 

Penas 

Cape  St  Diej 

Staten     Island,  Cape   6 
John,  saltern  moat  lu 

MU  Ca)<e   Horn 

Cape  St  Bar- 
tholomew .... 


i3  48 
i3  58 
i3  5t 


i5  33 
i5  46 
.5  5o 
.6  7 
16  II 

j6  47 

,716 
!.7>3 


34  39 

35  or 
34  53 


36  55 
38  06 
it  53 
44  3i 


S4  43 

54  54 


TABLE  LIV 
Latitudes  and  Longitudes. 


SUten  bUnd}  C^m  del 
Medio,  entnnco  to  Le 
M&i»'i  Stmiti 

New  liluid,  E.  part 

EtouI'i  Islind 

BunevFlt  liland,  E.  put. 

CAPE  HOEN,  S.  put  of 
Hermil'i  Islatid.... 


D.  M. 


n'. 


CAPE    HORN 

Lai.  Diego  lUiiuiea,  S.  put 

N.TOCk 

liluid  Si.  Ilderonw,  S.  p.. 
Term  del  Fuego 

~  FtlwCape  Horn. 
ork  Minster,  8. 


E.  e 


nilj.. 


->  Cape  Glouceiter. 

—  Cnpe    FillsTB,    N. 
r.  Muelkn'g  Stnuti. 

Evwigelist  I*luid,  W.  eoL 
Mwellui'i  Struts 

C.p«^.ol«rj 

West  Cliff  C«pe 

Cape  Three  PoinU 

Mount  Cono,  S.  pt. 

III.  Cuopanft,  H.  point. . . 

Cape  Tres  Montei 

Cape  Taytio 

Uland  Hiufo,  N.  W.  part. 

Point  Quilui.... 

Point  S;.  Carioi 

''□Int  Quedal 

'oint  de  la  Galm 

VALDIVIA,    neu    Fort 
Coral ' 

Point  Tinia 

■■l.delaMo<!ba,N.W.p 

St.  Maria  bluid*,  N.  p. 

.  B.  p. 

;  CONCEPTION. oilf., 

»  TalcahuanOiForl   

:  Topocalmo  Pt. 

I  VALPARAISO,  Fort  ... 
itBallena 

Coquimbo 

Sugar  Loaflilet,  aummit 

Island  St.  Felix,  Eauteni 

Wnrtern 

Mono  Moreno,  aummit  . 
Meiilonei  Hill,  aumniit . 

Point  Tune* 

Pt.  Ftancisco  .......... 

Pavcllon  de  Pioa  ....... 

Point  Piedm 

Pingva,  Point  Pebalo  . . 
Arica,  Head  ........... 

itdeColM 

rirulet  mouth  ...... 

it  Coroejo 


49  So 
47  Sj 
46  59 
45  53 
43  35 


iQ  S  67    16W 

7     68  36 
1     5B  37 

J.5S9  17 


75  3i 
75  a3 
7S  38 
75  8 
74  4? 
73  33 
73  51 


73  ao 
73  33 


70  38 
70  35 


Point  Fe«e«doTei 

St,  Juan,  needle  hnmnLook  1 

Haunt  Carreta 

PiKO,  middle 

Point  Fmyle 

Point  Chilca 

lal.  81.  Lorenio,  N.  pt . .. 

LIMA 

CALLAO  Bay,  htgriMir.. 

Island  Peicador, ■"  *■ 

Urgeat,  W. 
Lot  Hormi 
Island  Pell 
Island  Don  Martin  . 

Point  Santander 

Rock  teen  in  U9l. . 


'.pt.... 
aaRocka 


Tnrnllo,  cbuich 
Malabrini,  (port,)  . 
Island  Loboa  ds   Amera, 

Sab.mg-t:oTe ' 

Island  Lobo*  de  Tierro. . . 

Eten 

Point  de  Ajufo 

Point  Pajta 

Cape  Blanco 

Point  Malpclo 

GUAYAQUIL,  city 

lBlandPuna,S.  W.  p..... 

Point  St.  Helena 

Island  Pelado 

Point  del  Callo 

Islu)ddelaPlat>,W.p... 

Cape  SL  Lorenio 

Manta 

Cape  Paaado 

QuVlo 

Arbol 

Cape  St.  Francisoo 

Point  de  la  Galen 

Rirer  E9mera]daa,entranee   ( 

Point  Mangles 

Island  Tumaco 

Point  Guaacama  ...... . . 

Island  Gorguna,  middle  ■ . 
River  Cajambrie,  entrance   ; 
Island  de  Halpelo  . . 
Island  de  Pslnua... 
Point  Chirembira. . , 

Cape  Corienles 

Limonea. . 


.  H.      D.  M. 

i  14  8^73  aoW 
S  .3     73  45 
>  II      75  i3 

j    10        76   JO 

I  43  76  iG.: 

1     I  76  35 

■  3i  70  S3 

»    4  77  '? 

.    3  77    6 

»    4  77  "3 

I  47  77  »o 

I  58  7750 

I  »7  77  53 

I     1  7743 

i38  7756 

i4B  7848 

9    fi  7839 

I    «  79    4 
79  »8 

Bo  44 

Bo  53 
79W 


Bo    8 

Bo  48 
Bo  36 

So  34 
80  57 
Bo  43 
Bo  3i 


76  3i 

78  »6 

77  l5 


Point  Uarachine 
PANAMA  PtN.E.  Bastion 

Point  Mala 

Puercos  Point 

Island  Qaibo,  N.  p. 

Los  Lsdrooea 

Point  Bnrica 

Gulfe  Dulce,  W.  p. 
Ial.Cano,enLEngLHaiboc 
Cape  Herradnia. 

Cape  Blanco 

Nicoya,  wst'gpLi 


77  >« 

77  a3 
7800 

78  3o 

79  3i 
Bo  a 
80:7 

..      Bi  i6 
5i     Si  37 

8  )3 


8  44 


Mor 


.Hern 


B3  >9 

37  B437 
3i  |8S  3 
38.5  B4  36 
8  B5  3o 
3]  B5  43 
i5     85  5q 


TABLE  UV. 

Latitades  and  Longitudea. 


Point  DercUdo. . 


Kealejo.  CDtT. 

AietulonB 

PoiDt  CanigniiM  ■  ■  •  • 
Point  CaadiuUki  ... 

SacstecolucA 

it  Remedios  A.. 
it  Gufttimola.  •  .. 
Puerto  Ventooa  .... 

Igiulco- ..... .. ■- . 

ICAPULCO...... 

Caue  Coiienlsa 

St.  BIu 

TresMariu 

St.  Jowpb . . 


Mm 


ULuca 


I  Her 


Rcdondo  Island 

Fort  S&D  Qaeutin   

Bay  Todot  Switaa 

Port  Diego 

Point  Conception 

MoDleray. 

Port  SL  FnociKO 

Cape  Mendocino 

.  Port  Trinidiid 

S  Cspe  BliQCo,  or  Orford 


g  Cipe  FouTwe&ther. 
4  Cape  Rond 
_  Cipe  Diaapi^ 
°  Cape  Flattery. 

i  Bnakea'  PoinL 

I  NOOTKA.  N.  pL... 

J  Woody  Point 

•  Bay  SL  Louis 

^  lolea  de  Sutine,  oi  E 

J  Cape  Siott 

B  Cape  Csation 

g  Cape  Hector,  or  Jui 
E  Bay  de  la  Touebe  . . 

Cape  Henry 

"-.y  de  Clouard  .... 
iintNorth  

Cope  St  Boitolomo. 

C^ie  Ommaney..., 

Port  Guibert 

FortNeckar 

Cape   Eogano,  or  Edge- 


Port  Oaudaloupe 

Port  de  loa  Remedioa  . 

Cipe  Crow 

Port  dei  rnncBii 

Cspe  Fairweathei  . . , . . 

Befirin^'B  Bay 

Point  de  la  BoiUBole  . . 
Mount  St.  Fliaa. ...;., 
Cape  Hinchinbroke.... 

Cape  Eliiabeth 

Barren  lalei , 

Point  Bank! 

Cape  Don^an 

Cape  Whilbnnday  .... 
Cajw  GrenrUlo 


D.  M. 

S6  58W 
86  4< 


89  43 

90  53 

95  o 

96  5j 


74  43 
j6  3o 
a6  35 

iB  ,4 

nB  5o 


i33  i5 
t33  38 

i3J  35 


i35  5o 

1 35  43 

1 35  43 


13900 
r4o  55 
1 40  45 
146  16 
iSi  ]8 
iSi  46 


•  Halibut  Head  Uand  . . . . 

i  Ounalaohka  laland,  N.  p. 
^  I  BriMol  River,  entrance . . 

Ruund  inland 

M  I  Cape  Newnbam 


54  "H 
53  55 


C^ie  Slepbena 

Cape  Denbigb , 

Cape  Rodney 

Cape  Prince  of  Wale* . . 

Cape  MulgraTe 

CapeUaburae 

ICY  CAPE  


Entrance  St.  Croii  K' 

Moeeone's    lal.   (entn 
of^t.  John's  River) 

Cape  Spencer 

Cape  Chigneeto 

Haute  Island 

Annapolia  Gut 

Breyer's  Island  light. 

St.  Mary 'b  Cape 

Cape  Fonrchn 

Seal  Inland  light 

CAPE  SABLE 

Sable  laland,  E.pt... 

W.pt 

Cape  Rote  way,  Snelbntne 
lights 

LIVERPOOL,       Coffin' 
Island  lights 

Lunenburg,  Cross  Island 
lights 

Sambro  light-house 

HALIFAX  Obe.  D.  Yard 

Sheet  Harbor,  entrance . , . 

Sherbroke 

White- Head  Island 

Torbay,  Berry  Head 

CAPE     CANSO,    Cran- 
berry Island  light 

VI    Tht  QuffofSt. 


»N67    aW 


43  5o 

43  14 
43  U 
43  59 
43  57 

43  3S.5|65  i5.i 


65  58.5 
55  36 

5947 


44  >6.6  63  33-3 


Chedsbucto  Bar. 
Gut  of  Canw,  S.  __ 
Cape  Hinchinbroke 

Cape  Portland 

LOUISBURGH 

CAPE  BRETON 

Scatori  Island,  N.  E.  pt. 

Flint  Idand 

Spanish  Bay,  Sidney  light 
Port  DauphiD  . 
Cape  Egmont. 

Cape  North 

Chetican  Harbor,  entrance 

Seal  Island 

Cape  Mabou 

Port  Hood,  entnnce 
J  list  au  Corps  Island 


Lot. 


45  J9H 
45  3o 
45  34 
45  49 
45  55.5 

45  57 

46  3 
46  ta 
46  iB 
46  34 
46  53 


So  14 


TABLE   I IV 
Latitudes  and  Longitudea 


OUT  or    CANSO,   H. 

entrmnce 

Cape  SL  George,  N.  end  . 

PictouIiliDd,!!:.  pt 

Pictou  light 

Cape  TorioentiD,  S.  E.  pL. 
:  Ricliibucto  HorlfOT,  BDti.. 

:  — . 

■  Cape  North 

<  Cspo  West 

-  Egmont  or  Halifax  Bav, 

Red  Held 

I  Hillaboroueh  Bsj,  St  Pe- 

,        ler»  I«l 

'  Bear  Cape 

■  CapeEait 

H  Richmond  Bay 

Cape  Enqniminac ........ 

Miacou  Inland,   (entnow 

of  ChjJeoj  Bay) 

Cape  DeapaJT 

Bonavealure  Uland 

Flatlaland 

Cape  Gaapi 

Cape  Roller 

Msj^en  Rirei 

Cape  Chalte 

Bic  Island,  Rit.  St.  Lav. 

E.  pL 

Antiooata  Island,  E.  pt.  .. 

Weat  pt. 

8.  W.  pt 

,  Deodnian'a  Iiland 

)  Entry  laland 

I  Amherst  lit.  S.  Vf.pt.... 
'f  Magdalen  Isles,  B.  pt. . . . 

■  Byron  island,  E.pt.. 
'  Bird  Island 

St.  Paul's  Island  ... 


D.  M. 


Si  33 


i5  itHf 
45  53  ' 
45  49 

45  4i.5Si  40 

46  o5     ""-  ' 
46  43 


4703 


D.  H. 


S4  5o 
Woi 


S4  oB 

S3  i4 


47  "7 
47  >3 
47  37.6 


Hi  16 
6t  a5 


Vn.   J^e^foutuatutd. 


Limits  of  the  Great  Bank  of 
"  wfaundlind,  N.  point 

S,  point  4: 

Outer  Bank.. 
Cape  Notmar 

■  Green  island 
I  Point  Fenole 

1  Point  Riche 

I  Ingomechoii    Bay,    Port 

■  Saunders ' 

i  Bay  of  St  Paul's.. 

t  Bon  Bay 

i  Cape  St.  Greffory  . 
~  South  Head 

dlsland 

Caps  St.  George  ■ . 

Cape  Anguile 

Cape  EUy 

■  e  Bay 


D.  M. 
"     loW 


55  56.3 

56  37 

57  o5.6 
57  »7 


So  39 
49  5o 
49  33 

.  4y  91 


47  54 
47  36.9 

47  4o 


Bnrgeo's  Isles.  ■•■• 

Raines  Islands 

Penguin's  Islands 

Fortune  Head 

Bninet  Island,  W.  H 

Great  Miguelon,  Cape  H. 
Laavley'a  Island,  Cape  L. 
SLPeter's  Island,  S.  E.  pt. 

Point  May 

Cape  Cbapean  Bot.^.... 

Martier  Roeka 

Red  Island,  S.pt 

Vi^in  Rocks 

Paint  Breem 

Cape  St.  Maiy 

Cape  Pine 

CAPE  RACE 

Cape  Race,  (Virpn)  Rocki 

CapeBallsjd 

Cape  Broyle 

Bay  of  Bull 

Cape  Spear 

St.  John's  Harbor  .... 

Cape  St.  Ftoncis 

Breakheort  Point 

Trinity  HoiboT 

Cape  Bonarista 

Funk  Island 

Cape  Freels 

Wadham  Island 

Gander  Bav 

Fago  Islands,  cape  . . . 

Snap  Rock 

Tuolinguet  Islands.... 
Cape  St.  Joiin,  N.  BiU 
Horse  Istando,  E.  pt . . 
White  Bav,  entnuee  . 

Hooping  Harbor 

Belle  Isle,  soatJum  . . . 
Groois  Island,  N.  pt.. . 
Hue  Bay,  eatianM. , . 
St.  Anthony's  Cape.  ■  ■ 

St.  Lunaire  Bay 

Cape  Bauld 

Belle  Isle,  wrtAern  . . . 
Oroque  Harbor 


56  o4 
5517 

54  tr 


53  35 
453  o4.e 
,35o  55 

5a  59 


53  5i 

«5 

53  06 
53  11 
53  3o 

53  55 

54  >6 
5400 
5344 

54  44 

55  3i 
55  43 


>     5541 
I      55  3i 
,     55=9 
).7  55  17.4 
1.3  55  19.1 
Si  o3     |SS  5o 


Vm.   fVoni  (futba:  to  Shidtt»'»  Ba/ 


Caudras  Isl.  N.  W.  port. . . 

Bay  of  Rocks 

Green  Island  light  

Point  Mille  Vache 

Bersimis  Point,  S.E.pt... 

Manicougan  Point 

Cope  Nicholas 

Cape  Montpellei  Bght-h. 

Egg  Island    

Seven  Islands  Bay,  SUire.. 

Point  Moisie 

Lobster  Bay 

Point  Manitoo 

St.  John's  River 


Lot. 
D.  M. 

46  49 

47  a4. 
4757 
4B  o3. 

48  34 

48  54. 

49  06. 


.670  38 
69  5a 

.469  18.1 


49  19-7 
4936.3 


1.46607,7 
7;765  17. ■ 

a   te4  »3 


TABLE   LIV. 

Latitudes  aad  Longitudea. 


Min^ui  Isluid 

Eiqaimtux  taluid 

Clear-water  Point,  aW.ei 

Appe«tctet  Bay  , , 

Mount  Joli.Niituhqaiui  Fl.  S 

Cspe  Whittle - 

Hoatliluids 

St,  Mbtj's  Islandi,  S.  pt. . 

Hare  Harbor 

GrcMMecitina  P,S.E.p. 

Mistanoqiie  Uland 

Grand  Pomt 

Foneau  Bay  Point 

RodClifii 

Bed  Bay 

Yotk  Point 

Cape  Charlei 

BatUe  Island,  8.  E.  pt.  ... 

Cape  St.  Lewis 

Cape  Haniaoa 

Enchanted  Cape 

Cardinal's  Island 

Bolton  Islands 


iS.6 
5c  33 
5i  44 


54  5-1 

56  ia 

58  So 

._l6o  45 


56  59-4 
56  47 
56  iS.4 
55  55.9 
55  11 
55  33 
55  4i 
5«  o5 
5o  55 


D.  M. 

a  64  3oW 

5743 


North  B 

Capes  Chaile 

Cape  Dorset 

Cape  Pembroke 

Cape  WsisinKham  . . 
pi  Cape  Digges,  W.  el. 
\  Salisbury  I>landa,KpL... 
;  Mansfield  Island,  N.  part. 


54  3a 
53  37 
61  3o 
■  37 
S3  57 
Si  33 


Portland  Point 

Baber'a  Dozen  . 

Belcher's  M.  point 

Jame^.  Bay, 

Cape  HenrieKi 

Cape  Jones.. 

N.  Bear  Isle.  • 

North  Cub....  5- 

The  Twins... 

Albany  Fort.. 

It  Fort 

a  Charltnn  Island 

\  York  Fort 

"     s  Churchill 

Prince  of  Walea's  Fort...  51 

Marble  Island 

Cape  Dnbbes 

Cape  Walsinghnm.. 

Dyer's  Cape 

Sandersons  Hope  .. 

Cape  Bedford 

Waygate  Islaud  .... 


.60    3 

.60    8 
.58  48 


79  5o 
So  i5 
M  5o 
Bo  So 


p.  M. 

Musquito  Cove p4  S5N 

GothsAh,  ent.  of  Biver  Bal.  ~ 

Bear  Sound 

Maab 

Cape  Farewell |5o  4g 

Whale's  Island.  ''"   ' 

Herjoisnesi  ....  

Bontakoe  Island,  a  E.  pL  -73  39 

Gael  Harakei  Bay 75  r., 

John  Mayen's  t.B.EC»pe[7i   10 


b.  M. 

-     57W 


XI.  kdand. 


Lot.  I  Long. 

(d.  M.  lb.  M. 

Cape  RelkiineM k3  4SN|]i  iiVf 

Beasealed ^    6  >9i  54 

Mount  SuaeMlI 64  5i  '33  54 

Palriifiord W5  36  13410 

Straumness 65  4o  '14^9 

North  Cape 66  iS  11  36 

Hola «5  44  I19  44 

Grim's  Island, H. pt.  ^....66  34  ,18  o4 

Riketiord «G  3o  {17  35 

Lonijnoae, Cape 66  33  i4  3i 

Knchuisen  Island «4  ao  i4   l5 

Wreeland       do B3  55  ,18  10 

Cape  Hecla,UL K>3  58  ;i9  41 

Weatinana  laland, B. pt  . . p3  ao  '30  i3 


XIL  ^nlOergtiu 


South  Cape 

FairForelond 

Amsterdam  Island,  (Hack- 
Ill  jt' a  Head,) 

Bineerenburg  Harbor 

Verlegen  Hook 

Hope  Island.  W.pt 

Bear  or  Cherry  laland. . . 


LONDON 

GREENWICH  Obser».. 

Woolwich 

Porflect 

Gravpsend 

Rochester 

SheFmesa 

Nore  light  

North  FoTPland  light 

South  Foreland  lights  . . . . 

DfalCaatle 

DOVER 

Dunf^nesi 

Hastings  lights 


b.  M. 


D    M. 


I'd 


TABLE   UV. 

Latitudea  and  Longitudes. 


Beach;  Hod  %ht . . . 

Bnghlon  lj(tht 

Shnreham  ligbta 

Arundel 

a.'li.^v  Bill 

Owpmligiil 

PORTSMOUTH,  lo. 
i  Isle  of  VViglit, 

1  Covfe»,Oa«ao. 

N    — — ^  Bcmbrjdge     Ledge 

*      or  Point.  Ft,  light 

i  Dunnoae 

V  Si.  CbUi'iw'b  Pt.  It, 

«  Needle '■  lighU 

Durst  light 

Pcn.le  light 

St.  Albao's  Head    

Weymuuth  light 

Piirtland  lighti 

Torbay,  Ben;  Head 

Dartmouth 

i  Surt  Point 

i  Ptaul'sdo 

I  Bolt  Head 

I  ICddystone  liffht 

^   H«ndDee«. 

3   lUin  Head 

S   I'LYMOUTH.Mt, 

llFo^y 

^    Dpadman',  Point 

Falmouth  light 

!  Manaclea  Kooki 

t   Black  Head 

5  LIZARD  Point 

inf.  Bay 

lance  light   

Rundle'a  Stone,  beoc. 

Wolf  Rook 

Land'a  End 

St.  A^nea'  light,  (Scilly,). 


D.  U. 
5o  <MN 

5o  5o 
5o  5o 
So  S3 
So  43 
5o4i 
So  47 


So  43 
So  3? 
So  35 
So  40 
So  41 
So  4t 
So  35 
So  37 
So  3[ 
So  38 
So  34 


i9  54 
49  55 
J9  58 


3  33 
3  38 
3  4j 


is 

5  3o 
5  3( 
5  40 
5  48 
5  4» 


I.  Mary 'a    , 
St.  Martin 'a. 


XIV.  FyraA  Cvutjrom  Calwto  UshatU. 


CALAIS 

Cape  Orii  Nm 

Amblelenae 

BOULOGNE 

Ftaplet  Baj,  Lomel  light . . 

Montreal  ., 

La  Rochelle 

Abbeville 

Groloy 

St.  V^lery,  RJTer  BomnK.So  i 


9 1  C«pe  dp  le  He»e  lighta  ...ia  3 
-HAVRE  OE  GRACE  ..  io  i. 

I  PARIS  OhwrvatoiT 48  5 

Mouth  of  Seine J9  > 


Lei. 


HonfleuT  li^itB 

Caen    

Carentan 

St.  Marcouf  Ishmd  light 

Cane  Barflenr  light 

CHERBOURGH 

Pelee  Iiland 


49 

49 
49 

ia  3a 
4941 
49  38 

49  40 
4944 
4946 


iSN   I 


3  58 

^1 


;  Caaketa'lighU. 

I  Guerniey.Tior  Hd  ligh 

I  8uk  lahiud,  N.  point. . 

'  Jeney  laland, 

'  -  Cape  Uroaueaa 

-St.  Aubin 

-St.  Clement's  Pranl4< 

;  Iile  de  Chanae;  lights  , 

!  Coutanoea 

,  OnuTille,  Hole  Hd  light 

'  ATranehea 48  it 

I  Mount  St  Michael 48  36 

'  PoDloTwin 48  33 

St  Malo,Nev  Hole  light..  4S  39 

Cape  Prehel  light 48  4i 

St  Brieax.Caai. "  " 

Brehat  laland,  Centre 

Tneueii 

Morlaii  light  oo  T.  la  Land* 

St  Pol  de  Leon 

lalede  BaaliKht 

Roche  Blanche 

81.  Anthony's  lighta 

USHANT,  W.E.poiDl,  light 


XV.  IHm  the  JVMh  fWiiand  to  Dim- 
caiubg  Head. 


North  Foreland 

Kentiah  Knock,FLligU.. 

Long  Sand  Head ■ . 

Galloper,  N.  point 

!— S.W.prrictFtlt. 

Shipwaah,  N.  point,  Ft  IL  . 

.  Gaberd,  oater 

j  Orfordnew  lights 

I  Aldboro' Steeple 

D  Southwold , , . 

I  Loeatoff  lighta 

,  Yarmouth 

'  Winterton  Neaa  lighta.... 

:  Hmith'a  Knowl,S-pt.  •■.. 

;  Haaborongh  Sand,  8.  p.  .. 

.  Sherringfaam  ShoaJa 

!  Haaborongh  light* 

I  Cramer  lights 

LeiDon  tiM  Ower,  N.  p.  .. 

. B.p.... 

Cromer  light  ■  ■  ■ •  •  - 

Dodgeonligllt 

Outer  Dowaillg 

Inner  Dowaing ■ 

Lynn  Knock 


Ii  49 
ii  56 
53  14 


\U 


TABLE   LIV. 

Latitudes  and  Longitudes 


Spam  light! 

FlunboToogh  HomI  ligbt. 
filej  Brig 

ScaiboToDgh  liglit 

Robin  Hood'*  Bar 

Whitbjlight 

Rl*ei  Teet',  Beston  ligbtt 

Stockton 

River  Trne'i  Maatb  lighta 

Coquet  lal&nd 

Suplea  light 

Fnm  lights 

Sundeilaad  Pnint.. 
Holy  Island, CasUe..    ..._ 
BERWICK, Piet light  ... 

8t.Abb->He>d 

DUNBAR 

Mav  latiuid  tighta 

Th«  Ram 

N.  Berwick 

EDINBURGH 

EllvDcn 

rife  New 

St.  Andrew'!,  Pier  Head 
Mouth  of  Tkv  ligbt  .... 
Bell  Rook,  oft  do  light.. 

Buddonoesa  lights , 

Red  Head 

Montroae  light 

Tod  Head , 

NEW  ABERDEEN... 

Newbuigh 

Peter  Head,Pier  light. .. . 

Buchui  N»  light 

Ratrie  Head 

Kinnaird'a  Headlight... 

Bamif  light , 

FortSuOcorge 

Crooiaitie,  Pt  light 

Tarbet  NeM  liirht 

Clythnen 

Nosa  H»dl^ht 

Duncansbj  Head 


D.  M. 

53  3SH 

M    7 

54  i5 


U.  M. 


XVL    The  Orbttg  htmtdt. 


Pentland  Skerriea  light . 

South  Ronaldsha,  9.  p.. 

,   Copinahi 

I   Lainb'e  Head  on  StromM 

Island 

Nnrtii  RonBldih«,N.  p. 
'•  Mould     Head,    on     Papa 

Weiitii  Island.. 
i  NoupHead.on  Wt 

Marwick  Head,  on  Pomoiu 

latand 

Slromnen 

Hoy  Head,  on  Hoy  WellJ 


D.  H. 

58  4IN 
58  43 
58  44 

58  54 

D.  M 
1  55W 

Vi 

i  4o 

59    4 

3    3> 
3  3l 

U    H. 

Snmbio  Head,  S.  pointlt.  59  5i  N 

Ron  or  HangcliS' po  i3 

Brana  Sound,  Lerwiok...  fin  ii 

OutSkeniea i6o  37 

Whalaey  lale bj  3i 

UnatlsIand,N.  E.  p |6r     7 

Foullriand... |6o    9 

XVIII.    Firro  blmult. 


The  Hook  Rook  «p|ie>n 
like  a  ahip  under  lail. . 

Fucloe  laland,  (N.  E.  paM 
of  Ferro,)E.pi ' 

East  point  of  Mygenei  lal- 
and, (N.  W.  partofFer- 
ralalanda.) 


XVU      The  ShttloHd  tibmdi. 


O.  H. 


Lot. 


Duncansbj  Head.. 
Dunnet  Head  light. 

Farout   Head 

Wrath,    or 


I*.  H. 

S8  40N 
58  40 
JB  38 


ape     Wrath,    or      Bi 

Headlight 

A  Rock  seen  at  t  ebb.. 


Rona  laland.  Sum.  . 

Roekal 

Sl.Kilda 

Butt  of  the  Lewi 

GallenHead 

Flannen  lalaada,  N.  W.  . . 

Hyakerc  laland 

South  Uiat  liknd,  K  pt. . 
—       ■       laland 


Mingalay  Ii 
ReaHead.. 

Cana  laland 

Helaker  Island 

RamliUnd,  W.  p 

Tiroy  laland,  S.  p 

Coll  latand.n.  p 

Skeiryrore,  Rock  light . . 

Ilia  laland,  a.W.p 

8.  p.. 


MullDfCanlire'lLBht.ho. 
Pladda  L  Ught  (tf  S.  E.  pt, 

AlTOQ  L 

Little  Comlmte  tight. . .  ■ 

GLASGOW 

Ebalilutd 

Air  light 

Loch  Ryan  lieht 

Port  Patrick  light 

Hull  oT  Galloway  light . 

Great  Scar  laland 

Burrow  Hemd 


D.  M. 


5  49 
■  3  40 

8  35 


56  56 

56  59' 
56  37 
56  4» 
56  .9 
55  47 
55  39 
55  19 

55  16 
55  43 
55  5i 
55  ji> 
55  37 
55  iS 
54  5« 
54  5o 
54  38 
54  40 
54  4f 


5  33 

6  38 
6  38 

6  3o 
6  56 


5  7 
4  55 
4  ifi 
4  5S 
4  40 


TABLE   UV. 
Latitudes  and  Longitudes. 


St.  Bee's  He&dligbt... 

Wljie  Haren 

Selkti  Rock 

Luicuter 

Paimbvluht 

LlVERPOCL.Oba..... 

Point  of  Ail  light 

Great  Omu  Head 

Point  Llnaa  light 

Skprries  tight .. 

Holyheiid,ner  Hd  light 
Branchy  Pwl  Head.... 
Bardiey  Iil&nd light  ■•■ 

"--mouth 

sriawith  light 

'  Cardigan  Harbor 

g  Struiiilile  Head 

■  Si.  David'a  Head 

laay  Island 

U'b  lighl-houM  .... 
Ana^a    do.,    Milford 

Jatr^Viie^!!..!!! 
i   Caldy  Island,  South  light. 

"■    m'.  Head 

ible'a  Point  and  light. 
:  Noah  l'oint,twolightB  .... 

BRISTOL 

Flatholni  light 

Lundy  Island,  entiance  of 

Brislul  Channel 

Hort   Point,  entrance   ^1 

Bristol  Channel 

Hartlind  Point 

Padstov 

Cow  and  Calf , 

Tnwan  Head , 

St,lTe"»  Bay.PierHd.lt. 

Cape  Cornwall 

The  Seven  Stones  light . . , 

The  Woir  Rock 

The  Land's  End 


S4  3i  N   3  38W 


So  33 

5o  33 
5o  i5 


CAPE  CLEAR  light  . 

Faatnet  Rock  |j)(ht .... 

Crook  Haven  light 

MiienHesd 

,  Sheep's  Hewl 

i  Bantry  Bay 

3  Gielagh  Rocks 

'  "-rseylaland,  W.  p... 
II  Rock 

'  Old's  aetd.'.'.'.'.'.'.'," 

i  Ken  mare  Bay 

(  Lamb'a  Head 

Scara  Iriauds 

•   Hoff'sHead 

.  Bi^s  Head 

'  Skellig's     Rocksligbts. 

Lemon  Rock 

Bmy  Head 


5  4a 

5  48 
5  4i 


D.  M. 

9  36 

9  43 


Si  47 
5.47 
5i  46 
Si  48 


Foie  Rock 

Iniahmakillaan. ..,.,,. .. 

Tirasbt  Rocks 

Great  UlaskPt,K.pt..... 

IniahluBkero 

DunmoreHead 

Duiiorling  Head 

Brandon  Head 

The  SeTPn  Hon  Rocki 

Kerry  Head,    S.  entran 

of  Shannon  River  . . . 

Loop  Head,  Light 

t.lMERICKBndffe.... 

Clare 

Hog's  Head 

North  Arran,  or  KJUaney 

Gal  vaj  light 

Slyne  Head  Lighl 

Ennii  Shark  l^and 

Rnnis  Turk  Island 

Clnre  Island  Ught 

Achil  Head 

Black  Rockoulst 

irrria  HeodEa^,  Id.. 


.  S3  la 
.  S3  46 
,  53  5a 
.  53  5o 
.  53  59 


Down  Patrick  Head.. 

Killala 

Stigo  Bay  Light,  Black  B. .  S: 

Ennie  Mumy  Island ' 

Donnegal 

TillonHead 

Arran  N.P 

Bloody  Foreland  HiU.... 

Tory  Island  lights 

Hoar  Head 

Mulroy 

Loch  Swilley,  Fannet  pt . 
Malliny  Head  lijjht ..... 
Enniatrahul  Rocks  lipht. 
Iniahone  Head.entraD 
Jjondonderry  lights. 
LON  DONDERRT  Bridge 
Giant's  Causeway,  pL. 
Rathlin    Island, light  . 


of 


The  Maid's  Roeka  ligbt 
Black  Head 

CarrickfbrgUB 

BELFAST  

Selfhit  L.  Hollywood  Rita. 
Mew  Island  lights  .... 

South  Rock  light 

Oundrom 

Carlingford  Loch  light 

Dundalk 

Orogheda  Bar 

St.  Patrick's  Island... 

Lambay  Island 

Howth  Farb,  E.  Rer  Hd.  It 
DIT8L1N  observatory 
WICKLOW  lights.. 


54  56 

54  46 
54  43 
54  35 
S4  39 
54  t> 
54  M 
54  17 
54  3 
54  o 
53  44 
53  36 
S3  » 
S3  ft4 
53  93.1 

5i  se 

5i  41 
5]  34 


TABLE   UV. 

Latitudes  and  Longitudes. 


WEXFORD,  Btvanpt.. 

Tuaker  Rock  light 

C&nuore  Point 

.  The  Silleei  Rock*  tij^L . 
ilook    light,   Watertbrd 

DuiigBrren 

Helirick  Head  point 

Y..ugb.ll  light 

CORK  hirWli^ht 

Kin^iale  hubor  light 

Old   Held  of  Kmgule 

lighla 

Sevrn  Headi 

Dundedj  Hevl 

Tin  tiUn,  off  Toe  Head 
BALTIHOKG  Iwrbor  . . 


1   Lot. 

\D   M. 

CalfofMuiligtit* 54    31 

Doogtaw  liBhtB 54    9 

Raiiucy  harb.  light  8.  side  p4  10 

Point  ofAir 54  l5 

Peel  hnrb.  light  Rsido  ...54  i3 
CaiUetown  harb.  light . . .  ■  |54    5 


XXIL    iVon)  Calait  to  Ot  Seau. 


D.  m. 


XXL    The  bU  nfMan. 


CALAIS 

Gravelinea 

DUNKIRK  Pier  bd.  light. 

Hienport 

OSTEND 

SIUTB  

ANTWERP 

Walcheren  Iilud,  W,  p., 

FLUSHING . 

Middlebnrgb  . 

(roeiee  Iiluid 

Schowen  Inland  light 

Holland'!  Hook 

The  Hagua 

rottkrda'm."""!.'! 
amsterdam 

Alkniaer 

Teipl,3.  point 

Harlingen 

Ter  Scbeltinr,  W.  end ... , 

Gnttingrn,  OM. 

EMBDEN 

Barcnm  light 

Wranepr-oog  light 

BREMEN 

Bremeilelui 

HAMBURGH 

Stade 

Olnkitadt 

Cnihaven  light 


?,1 

5i  8 

5i  i4 

5i  .9 

S:  tS 


53  3a 

53  33 
53  36 
S3  48 
53  54 

53  55 


n 


9*53 

7  " 

6  41 

7  5» 
849 


Elbe  River, 
Heligoland  light. 

Toniungen 

Horn  Point 

Holinen 

Robanont 

SCAW  light.. .. 


D.  H. 

,540011 
,54  11 

54  .9 

55  34 
,57  8 
,57  25 
■  5743 


b.  H. 

8  aoE 

753 


XXIIL    QOUgat  imd  Sound. 


SCAW  LIGHT 

Fladitrand 

Sebve , 

Haifa 

Auhiucath. 

Sleiwick 

The  NAZE  li^l 

ChriaLanaiind 

Arendal,  Toning«n  light- . 

FtederiiJtiTeni 

Feider  light 

CHRISTIANA  obs...., 

PrpderickilAdt 

Stronitadt 

Salo  Beacon 

PatemoBtera 

Maratruid  light 

GOTHENBURGH 

Wingo  Beacon 

Tialame 

Niddingen  tigbta 

Warberg 

Falkenburg 

Halmitadt  fort 

Laholm 

Wadero  lalaad,  B.  end  . . 

Engelholm 

K^  light 

Helainhorg 

Landakione  

Malmo 

FaJjterbo  light 

Steffbn'a  Head  light 

co?enhaqen!!!!.!! 
elsineur 

Croneoburg  light 

Nakke  Headl^hta 

Nfkoping 

Callandlmrg 

Coreor  lighta ...< 

Wordinghorg 

Hnen  laland,  Unniberg, 
A  mag  laland,  Drago  .... 

HaKl  laland 

Spro  laland  light 

faliter   laland,  Oeedeabj'e 

or  Trindelen  light 

Moen  laland,  SpeU  Cliff. 

Anholt  light 

Little  Middle  Oronnd . . . 
humor  laland,  E.  end  ... 


,55  iS 
,55  18 
,55  4> 
,56  1 
,56  3 
,56  7 
55  55 
,55  41 


TABLE   LIV. 
Iiat'tudes  and  Loagiludes. 


D.  H. 
Lftaoe  Isluid,  Vf.  end  ...  5?  iSf 
Triiidelen  light   5?  a6 


XXIV.    7%e  BaUk. 


Funen,  Odenae 

Nyborg 

LangelanaS-pL  < 

Alsen.  SoDderbori-  ■  • . 
Lwlsnd,  Naskon  . . . . . 

NvBled 

Faliter  Nikioping 

Slubbekiopinf 

MoeD,  8tr)FeE.pt... 

PeriiKren,Boif 

Tralleborg 

Cimbruhunn 

carls'crona"!!!' 

Toruni  Point 

Culinu 

Wtitprirjrck 

Snderkoping ■  ■ . . 

Nvhi>)Mn( 

TroM 

Lundsorl  light 

STOCKHOLM 

KiBi I 

LUBECK 

Wisinir 

RortDck 

Dan  Heul 

Gebirn  light 

Slnlaund 

GrilswBldfB  light 

Vtedom 

WoUin 

Slettln 

Cainroin 

Colberg  fort 

KuMnvalde 

Slolfueiiiunde 

Heellighl 

DANTZtOoba. 

Fillau  %1it 

KONKiSBBRaobs. 

Briulerorl  lighU 

Meinel  ....T , 

windali'"!!!!!."!!!! 

Dnmpaneia  light!.... 

Runo  laland  n^bt 

RIGA , 

Dago,  SimperiKM  . . . . 

Dagpmit  light . . 

Ote],  Palinerort 

Hundiort 

Swaiveort  light  . 

Areimbui^ 

QnlUka  Sando  W.pt. 

Far...N.  E,  .rini 

Giitland,  N   F,.  i^nd  ... 


GotiBDd,  WISBT 

Hobnrg 

Great  Culn 

Oland,  N  end 

— - —  Borgholmi  Slott. 

S.  end  light 

Enrthoinu  

Boraholm.  N.  W.  end, 

light 

H«Ie 

8.  £.  end 

Rugeo,  N.  end 

BERGEN 

8.    E.    end    Ne 

Deep 


54  16      i3  5o 


XXV.    aMyiqfnnlandandBotbua. 


Odenaholm  light 

Fackerort  light 

Surep  HeaiT  light 

Nargen  liland,  N.  point. 

REPEL 

Kokikar  light 

Chalk  Ground 

Stone  Skai  beoc. 

Little  Tjrtara  Island 

Great  Tjtera  lelond 

Lavanacw,  S.  end 

Ssikar  light 

Kam 

DnlgninD* 

Tol^en  light 

CRON8TADTc«tlL.... 

FLTER8BURG 

Btirmdden 

Wiburg 

Frederickihun 

Aipo  beac 

Hogluid  Isluid.N.  light.. 
Orrenground '■  Beacon  ... 

HelsingTon  .... 
Great  Jnnori. . . 
Haugo  Beaeon  . 


5941      16 
5949     =6 


14  i3 
74  3i 
14  46 


.7  16 

'7  "3 

56  rr 

16  16 

i5  45 

.  ..,      »4  58 

p  5o      >3  33 


XXVL    G^qfl 


Uto  light.. 

Abo 

Warn  .... 
TORNEA 


lot.     I  Lmg. 


D.  H. 

5947NJ.1 


XXVIL    Fyimtlie.YauloJlrdumgtL 


D.  M.      D.  H. 

S7  S8N    7    3E 
"■    '       6  36 


TABLE   IJV. 
La'iliidps  and  Longitudes. 


Jtoniine\  Inland,  S.  end  . 

BERGEN 

Askwold 

Ronde  light.. ._ 

Chcistionaund  light 

Orontheim 

Werro  Uland 

NORTH  CAFE  

Wirdhuua  liluid 

River  Kola 

Nwel  liluid 

Snatui  Nora  Tover. .... 

Cape  OrlogenoM 

CroM  laland 

Onega  Church 

Cape  Donen 

ARCHANGEL 

Bluenose,  or  C&pe  Katnen 

Cspe  Good  Tortune 

Hanfaorefi  lahnd,  B.  pt. 

Caps  CandiDoee 

WelgBte'e  StnutB 

NoraZerabU 76  34 


;36  47 
'4o  33 

39  54 
'45  53 

43  17 

44  33 

57  4'; 

6s  45 


XXVrn.     Fnm  Uthant  to  OibraUar. 
D.  M. 


UaHANTlight 

BREST 

St.  Matthew'!  light . . 

Point  Haz  light , 

Siintii'  Rocks 

:L'Abbe 


Glen 


I  lalandi,. 


LORl 


L?ENt!! 


Isle  de   OroiB  It  Tf.  W.  ] 
Qaiberon,  3.  point.. 
Bellelsle,  N.  end.., 
S.  end  . . . 

Houat  Isle  . 


i7  44 
<7  5j 
4745 
4743 


t  Ilia  . 


NANTES 

St   Gildu'Po'int 

Noirmoutier  liland,  9,  W. 

lalcD'Yeuliriit 

8u  GiJIea 

Roehei  Bonne*  W. 

tale  of  Rhe  light  N.W.pL 

ROCH  ELL  E^  light 

BOCHEFORT  

Oleron  laJe  li^ht 

laland  Aix  lightat3.pt.  . 
CORDOUAN  light 


BORDEAUX.... 
Cape  Feret  light.. 
BAYONNE  


St.  John  de  Lni. .. 
St.  Sebutian  light. . 

Cape  Machicluco.. 
BILBAO 


SANTANDBR  light.. 

St.  Vincent 

Villa  Viciom 

Cape  Penan 

Ribadeo.  entrance 

Cape  Burela 

"       Varea 

,    Ortegal 

Cape  Prior 

FERROL  

CORUNNA  light 

Cape  Villano 

Cape  Turiana 

Cape  Rnialerre 


43  iS- 
,«  i5 
.43  17 
,43  3o 

.43  3o 
43  iS 

.43  4J 
43  35 
43  4a 
43  47 
43  45 
43  34 
43  3a 
43  li 
43  10 
43  3 
4i  S4 
41  3S 


Coim 


a  Cnpe  Mondego 

S  The  BurlinKa  light...*" 
9  Cnpe  UurlKwmi  liglil.  • . 
-■  The    R.K'k  of  Lisbon  ... 

LISUOM   

Cane  Eamchel  light 

St.  Ubea 

Cape  Sine,  fort   

Cape  St.  Vincent  light.. 


St.  Lucar.  . 

SEVILLE 

CADIZ  light 

Cape  Trafalnr 

Tarifu  liland  light . . 

Point  Camero 

Algesiraa^oln  ..  ... 


renilh.. 


idbyCoogle 


TABLE  UV. 

Lalitades  and  Longitudes. 


D    H. 


ALICANTL.... 

Cipe  Si.  Mtutin . 
i   Cap»  Calkn  tow 
[  VALENCIA,  cil,        ....,_ 
r  CB.pe  Oropen  tower 4o    6 

"-irEbro, 

-  Bada  ] 


IM. 


M47 
39  18 


4043 


D    H. 
16W 


I  Cane  Sdna  . . 

I  TKRRAGONA.._ 

i  BARCELONA . .  4i 

■   Cape  Tosa 

g   Cape  ijt.  Sebaatiui.. 
i  Meda*  liles,  S.end. 

GuirarRoBu,CapeNor(eaif: 

Cape  Ckux 


Port  Vcndre. . 
Perpigaan  . . . 
Narbonne . . . . 
Agde  hdrti.  . 
Cctta  llirht.. 


ir.ob^.. 


St,  Louia'a  tower, W.moatb 

of  the  Rhone 

J  Cape  Cauronne  ...... 

;  HARSEILLEa,  ob«. . 
,   Planier  Island  tifht . . . 

i  Cape  Rom 

tf  Ciotat 

SiCape  &.cie 

alTOULuN  

I  Hyerea  Iilanda, 

;  Farquerallea, 

Fort  Luig^uatier 


-PorU 


,   Gabi 


re  Rock.. 
-  Titan,  E.  point. 

CapeTaillat 

31.  Tmpei 

»Vju».!T 

Antibe 

.  Nice 


:  Villa  Franca  light.... 

S  VontimiglU  Point..., 

'  Port  Haurizio.  mole. . 

i  Cape  de  la  Melle 

■  Cape  Noli 

-  PoltaR'ock. .!!!!"!.' 

,  GENOA  light 

'  Cope  PortoTino...,. 


i  Caatigli 

%   Mouni  Arfffnl 

i  ClTita  Veechia  light 

%  Cape  liiaaro 

I  FiuinteinoligM,R.  Tiber. 
=  ROME,  8l.T«er'i 


43  a 
O  46 
43  33 

43  33 


Cape  Monte  Circcllo. . . 

Gaeti,  mole 

Cape  Miaeno 

NAPLES  Ught 

9alerao 

Cape  Liooaa  lower 

PoG«Mtro 

St.  Euphemia 

Cape  Vatieano 

Scflla  eaatle 

Cape  dell  Arml  tower.  ■ 
Cape  SpartiTento 

CapeStilo 

Cape  Rinuto 

Cape  NaaocColione... 
Point  del  TronU  tower. 
Tarenio,  St.  Pietro  lilan 
Gallipoli,  St.Andrei  Uland 
Cape  St.  Maria,  convt 

Cape  Otranto, tower.. 

Brindisi,  fort 

Polignano A.. 

Bari,  mole 

Barletta  light 

Manfredonia,  mole. . . 
Viesti  Groce  Uland  . . 

Termoli 

Point  Penna ..... 

Ortona,  moh 


■  40  46 
.  40  So 

.Jo  4o 


.  38  i4 
.3?  58 
.37  56 

38  18 

38  57 
J9    6 

39  35 


Point  della  Maeatra 

VENICE,  SLMark'*  towerjiS 

Port  Lignuio 

TRIESTE,  oaatle... 
Point  SatTore light.. 

Cape  Promotilpre .... 


Segno,  mole 

Kariopago,  mole 

Zara 

Bpalatro,  Paulino  tower  . . 


Dulcigi 


lole. 


iigno,  m 
Cape  Rodoi 

Cape  PoU 

Durasio,  mole 

A  nlona,  or  Valooa  ■ . 
Cape  Lingnetu 

Bntrinto 

Parga,  town 

Preriaa,  Fort  Pantokralen  38 
Oxia  Idand,  S.  end. . 

Miaaalonghi  li>rt 

Ronmelia  castle 


«?£.■ 


iRlNTH. 


TABLE   UV. 
Latitudes  and  Longitudes. 


Patnr,  molo 

t'Mpa  Pipia 

Toruene  tamUt 

Cap«  (jatakolo 

Ciipe  Kouello 

Kurariau  oisUe  ., 
CoroL,  or  KoroD  . 

Gi|Hi  Su  Aiigelo  . 
Nmiplin,  or 


ATHENS,  PhilopapuB. . 

Cupo  Colonna 

Cupe  Uiinillioii 

Ne([ropont,  fort 

Cu|ie  l>oro 

CujieKili 

SALONICA 


Prince's  lalea,  iresteninioat  ia  5 
MBriiiotaIaluid,S.W,e        '     ' 


D.  H. 


J7M 
37  38 

SS 

36  47 
30  11 

36  16 

37  34 


3a  40 
*>39 

3?  55 


XXX.     Tht  Back  Sea  okI  Sta  of 

Anf. 


Boaphonia,  Europein  Ii|[l 

B'lurgiia  Citf 

VARNA,  S.E.baation. 
Capv  CalaghriBh. 


Moatluof  the  Danube, 

1 •  Soolineh  lig 

Acfcrrmiu) 

ODKSSA 

T<-Ddra  Iiluid  lisht . ... 


.  or  Phu,  Ml*  fort. . 

TicUionde 

Cape  Vona 

SENOPE 

Hpraclra  light 

Boaphonu,  Aua  li^t  . . . 


D.  M. 

»9    7E 
»7  j8 
17  56 

39  4i 


Ca.pt  KuabooTDOo ...... . 

Cape  ADaroour 

Cape  Cavali«re 

Point  Livan  el  Sabeh 

Katadaah  Boomoo 

Scanderoon, 


XXXI.    The  E(ut  and  Soulh  CoaM  if/ 


Cape  Jutiamrr 

Cape  lUba 

Adrainvtli 

SMTRNA 

Cape  KarabnuoiiD.. 

Cape  KoRika 

CapeBl.Maiy 

CapeCrio 

GalfoTM^jT 


-  Capelria. 


JaffW 

El  Ariah 

Uamietta 

Cape  Boariaa 

CAIRO 

RovetU 

AboDkir,  tower 

ALEXANDRIA  light  . 


35  3i 
34  So 
34  iS 
33  5a 
3a  S4 


ualK 


Tifaifa  Rook*. . . 

Cape  Lnko 

Bomba,  port  of, 

Bhurda  Island 

Cape  Rjoatin  ... 

Derna 

CapeRaiat 

Bengali,  caatle . . 
Oharra  Island  . , , 

Kadia 

Booealda 

Shaioaha 

Cape  Metmta, 


TRIPOLI*, 'esVuV  '.'.'.'.'.'.'.. 

2oan 

Jerfaa  laland,  Zog  caalls  . . 

Kabea 

Karkenna  Islands, 

Kasha  Island. 

Cape  Burdj  Kadija 

Bouaaa,  mole 

Capr  Bon,  N.  Mint 

Zrinbra  laland,  middle.. 
TUNIS,  ei^ 


3]  34 
33  d6 
33  56 


3i  35 

3i  3o 
3]  54 


TABLE   UV. 
Lotitudflfl  and  LoDgitudw. 


Point  FariDi  . ... 
Pun«  liluid  . . . . 
Ca.p«  Bianco  . . . . 
C&pe  Serrat.  •... 
~'^arca  [aland  . . 


CapeFerro 

Capea  Bngnroni 

Cape  Carbnn 

Cii|M  Dellja  or  Tedilln  . 

Cape  Bingul 

Cape  Matafou 

ALGIERS  lighl 

CapeTpniiei 

Cape  Kutinpla 

Cape  Ferral 

Cape  FnlciiD 

Cape  Figaln 

Cape  Guudia 


CapeTrea  Forcaa 35  18 

A I  Buiema, 

Garriaon  Roak'3S  17 

Peaeadorei 3S  16 

Cape  Tetoan 3S  3.1 

Cape  Nerro ,35  4' 

Ceuu,  Almina  Point 35  54 

TANGIER 35  47 

Cape  Spaftel [35  48 


37» 
37  M 
X  56 


D.  H. 


CapeFakona !4o  5 

CapeCaoeia 4o  3 

Mai  di  Ventri  laland ^9  ^ 

u  Cape  Bt.  Matoo ^9  ^ 

*  CapeFraaco 139* 

i  SL  Fietro  laland.  Carlo  forlj39    ■ 
■3  St.  AnLoco  laland,  8.  pt.  .  "  " 

S  Toro  Rock 

5  CapeTeulada 

S  CAGLIARI,  mole 

Cape  Carbonara, 


,43 


33 


Giraglia  Island,  tower.. 

Cape  Corw),  N.  pL . 

(j  St  Fiorento 4^ 

I  Cal»i 

llCapeTnrghia,  tower - 

(2  Ajaccio 4i  55 

'Bonifacio,  tower 4i  »3 

Port  Vecehio..'. 4t  35 

BA8TU i'  ^» 

43  i5 


XXXIL    ItlantUinU 
Gu(f  0/  Vmict,  atu 


Alboran  late 

Formentera, 

Point  del  A^ila 

La  MoU,  or  E.  pt. 

IVICA, 

Point  den  Serra,  N.  p. 

CapeNono 

Bedra  laland 

Cabrera  laland, 
Point  Anciola 


MAJORCA, 

—  Point  Rebanda,  W.  pt. 

—  Cape  Cals  Figuera  . , . . 

—  Paima,  town 

—  Cape  Salinaa,  S.  point. 

—  Cape  de  Pera,  E.  point. 

—  Cape  Formentou,  K.  pt. 

MINORCA^ 

Cape  Dartuch 

Cape  Minorca 

PORT  MA  HON, 

Cape  Mola. 
S.  E.  point. . , 


Cape  del  Teata  or  Lonn> 

Sirdn,  H.end 

Aiinara  laland,  N.  E.end. 


D.   H. 


3934 

39  34 
39  i4 
394* 
3957 


3-1 


t.l 


\D.  M.  Id.  h. 


—  Cavoli  lali 

Montorio  taland,  N.  E.  pt. 

Madelaine  laland,  N.  pt-.. 


GoTgoiM,  (1 
C-apmia,  1 


HUiA, 

— — —  Port  Ferragio.. 

Cope  Doimna  . . 

Pianon,  N.  point 

Africa    Rocta,  or    Wert 

Formichea 

Monte  Chriato,  middle  . 

Eaat  Fonnichea 

Giglio  laland, middle... 

Gionnti,  middle 

Palmarola,  N.  pt. 

Ponia,  S.  pt. 40  5 

Botte  Rock : 4o  5 

Vandotena,  N.  end 4o  4 

lachia,  S.  pt. to  4 

Capri,  Point  Cuew fo  3 


ISTNA  Ugi't 

Taormina 

Catania.mote 

Syracuae  lipht 

CapePaHUO,  8.  E.  pL. . 
Cape  Scalambra,  town  . . 

A  licata  caatlo  .  ■ .  ■  ■ 

Cape  B'anno 

Cape  St  Marco 

Cape  Grenitota 

Cape  Boeo,  W.  point. . . . 

TRAFANI  light 

Cape  St.  Vito,  N.  W.  pt 

Cape  di  Gallo 

PALRRMO  light 

Cape  Zaffarsna 

I  Cefa  u,  calhedial 

Cape  Orlando 

MeUnoligbt 

EOLIAH   ISLANDS, 

StromboU 38  48 

Panaria.  8.  W.  pt.  ..138  38 


TABLE  UV. 
Luiittdes  and  Loogihides. 


EOIJAN  ISLANDS, 

Lipui,  cutle  ...,•■ 

Vutnoo 

Stlina,  N.  put 

Felicudi 

Altcudi 

U«Uc« 

iEGAOlAN  ISLES, 

Marilimo,  caitle...* 

LeTBiuo 

Fnvignans,  caitle  . . . 

Penlellkria,  fori 

Lfunpednn 

l^idpion 

Gou,  N.  W.  Hunt 

MALTA,  Vjetw 

Point  Benhua  . .  3! 

Tefols  Rook....  3 

Eiqaerque  or  Skirki  Rocka, 

Keith'.  R^f'.'.'.V.".!!!! 

0«]ita 

Sorelli  Rock 

Unie 

Premadi 

Ulbe,  mole 

GraMB,OI  LungK, 

PuDlB  Biuic 

BruiB,W.eDd 

Fomo  Rook 

Bull,  lignal 

Leuina,  Fort  Imperial. . 
Cunola, 

St.  GioToiiDi  dl  ] 

Cina 

MoDDtSI.Gearpo  ii 

Heleds,  Point  Gnu.. 

PelagOH,  Bignul 

CajJaRocR 

Tremiti^SL  Nicola... 

no,N.  W,pt 

Samotniiii,  N.  W.  pt 3. 

CORFU,   Citpe   Dn^, 

N.  W.pt 3., 

Cape  Bianco   light, 

S.  E.  pt. 

Paiolisht 

Cape  Dncalo,  S.  pt.  3 

■  CEPHA1.0N1A, 

-  Cape  ViKardo,  N.  pt.  3 

-  CupeAlerT«,N.W.pt.3 

-  Cape  Skals,  S.  E.  pi.  3 
i  ITHACA,   Point   Agiani, 

S        a.end :.... 

Zante,  Cap«  Skinari,  N.  pt.  3 

Cape  Kieri,  S. -'      ' 

SUinphuiep, 

CoriTent  Island  3- 

Cerigo,  Cape  Spoti,  N.  pi 

KapMli,  S.end.. 

Pom 


lo  5€ 
8  55 

8  37 


,4  5o 

i6»7 
i5  i8 


i6  53 
■  7  45 

i6  le 


.9  38 
so    7 


Cerigotto,  S.  point 

CapeCrio,  W.  pt. 

Cape  Spada 

CapeMaleka 

Cape  Retymo 

Cape  Sanoao 

CANDIA  

Capp  St.  John 

Cnpe  Sidero,  E.  end 

Cape  SatimoD,  E.  end .... 

Gaidconiat  lalond 

Cape  Malsta 

Goizo  Idand,  W.  pt 

AnU  GoKo 

HTDRA,  summit  

E^naPenk 

Zea,  port  entrance 

Thermia,  S.  point 

■  -  '^oa.    Cape    Guardia., 

W.  pt 

i,  8l  Nicola  Road... 
ni,  N.  W.  mount.... 
S^ra,  aummit 

MlLO,  town 

Nio,  aummit 

Amorga,  E.  end 

Santorin,  Mt.  St.  EUm.  .. 

BkjnM,  Mt.  Cochita 

Soopelo,  or  Scopoli, 

Moant  Delphi 

Si.  Eatrati,  aummit 

LEMNOa,  N,  W.pt 

Cape  Stala,  S.  E.  pL 

Point  BlaTa,N.E.  pt. 

TENEDOS,  Peak 

Samnthrnki,  loniniit 

HYTELEN,   Cape  Sicri, 
W.end 

—  Port  Longoni,  ent... 

—  Port  OliTelT,  entrance, 
S.E.pt 

Mylelen 

SCIO, 

Cape  Maalico,  S.  end 

Scio  lighU 

Nicaria.S.  W.  n 
8AM0S. 

Port  Vathi,  N.  E.  end 

Patino,ar  PATMOS, 

S.  mount  .. 

Calymnna,  sommit... 
Cos,  town,  N.  E.  pt.  . 
Scarpanto,  S.  pt 

RHODES,  mJu...!! 

-  St.  Catherine's  Island 

-  Cape  St.  John 


36    i 


3,  W.pt... 


Cape  Sail 
.  Cape  Cor 
S  Cape  St.  Andrea,  N.  E.  pt 

!  Cape  Grego 

"  CapeGatte 34  33 

'   "  I'APHOS In 


■•  Cape  G 
'  Baii,c 


i5  6 
35  i4 
35  41 
34  58 


TABLE  UV. 
Latitudes  and  Lon^tndea. 


Copt  Sparid  to  Capt  f 


Cape  Sputel.. 

^ee...!!.".'.". 

Ctpe  BltDco .. 
Cape  Caotin  ■ . 


MOGADORE  ISLAND. 

Cape  Goer 

CleTeluid  Shoal.... 

Santa  Crui 

Cape  Ndod 

Ritet  Nan,  entnuce 

Can  Blanoa 

False  Cape 

Cape  BojadoT 

Seven  Capet 

Cape  Baibaa 

Cape  Blanoo 

Cape  Mirik 

Partendik 

Barbara  Ptnot 

SENEGAL,  FoitSLLonu 

CAPE  VERUE, 

. NoTth-weat  Pitch, 


3i  33 
3i  i8 
3t  i5 
}o38 
So  45 
3o  3o 

)8  17 
»7  54 


XXXIV.    The  tftiUnt  Uandt. 


Car«o,N.pL  

Floret,  N.  pt    

Fayal,  S.  E.  point 

Pico,  Point  de  Gnwrta]. 

■ummit  of  Peak  . . 

St.  George,  S.  E.  point . 
GracioM,  Villi  da  Pn;a 

Tercein,  Angra 

SL  Michael,  P.  Dele^di 

Point  Femria 

N.  E.  point 

Formigaa,  or  Anta 

St.  Mary,  town 

W.  pmnt.... 


3i  la 
98  41 
2S  36 
iS  >8 
9,51 
.759 


M  47 
i5  (3 
i5  r6 


XXXV.    Madein  hlmtdt. 


Pnrto  Santo,  town 

MailEin,  Lorenio  Point 
Mndeira,  TriatTam  Point 

FUNCHAL.. 

S.  DraertDt,  S.  pmnt . . . 
Great  Salvan,  W.  pt  .... 
Piton,  Great 


D.  M. 

33  4N 
3i  43 
3j  54 
3i  38 
3i  18 
3o  8 


XXXVI.    Omary  Uantb. 


Palma,  N.  point 

Ferro,  S.  point 

Gomero,  at.  Bebaitian  . . 
TeneriSb,  Hidalgo  Point . 

TenaFnnt. .... 

pMk 

Port  Chriatianoa 

SANTA  CRUZ 

Canurj,  N.  E.  point. . 

-  Palmaanude. 

FneTteventura, 

N.  point 

8.  W.  point 

Lanurote,  S.  point 

Pnerto  de  Naoa 

Punta  del  Fuio 

Gracioaa. 

St.  Claire 

Alegranza 


i  17  55W 

17  So 
1755 


.6  3, 

16  44 

le  16 

i5  aS 
i5  i5 
i5  34 

i3  54 
i4  3o 

i3  46 
i3  34 


XXXVIL    C19M  Ftnk  J 


St.  Anthonr,  N.  W.  p. 

K  E.  point.  . 

SANTA   CRUZ 

St.  Vincent 

SL  Lucia 

St  Nicholas,  N.  point 


Salt  laland 
Bonaviita,  W.  pi . 

Leton  [lock 

laleofMa;,  apt 
Si.  Jaira, 

PORTO  PRATA 

N.  point 

Fogo,  N.  point . 

BraTa,  8.  point , 


16  4> 
16  34 
16  45 


XXXVIIL    fhm  Cape  Fenk  to  Ot 
Cape  of  Oooi  Hope. 


CAPE  VERDE 

Gore«  Iatand_,tOWn 

Rirer  Gambia,  entrance. 

Cape  Roxo 

Biiaao.ron 

Bijooga  Idanda, 

—  TombellT,  W.  pmnt.... 
Oalina  [aland,  W.  point 
Onngo  Island,  S.  B.  pt. 

Rio  Grande  Shoals, 

Sonth  Breakers  . 

Pullam  Utanda,  S.  one  . . . 

N  unci  Rirer,  entrance  . . , 

>loa  lalands!.'!.'."*.'."!* 
Matacon;  laland  .,....., 


D.  H. 

.4  44N 
i4  4o 
i3  3o 


16  4t 
■6  46 
5  37 


:;s 


i5  45 
i4  4j 
>4>8 
i3« 
i3  16 


TABLE  UV. 
Latitudes  and  Longitudes. 


Sbelfaro  lalaaa, 

-Cape  St.  Ann 

Tartte  Iilandi,  S.eni  ., 

Cups  Mount 

J   Cape  Mm  undo 


»Rivt 


;  Cape  Palmar 

;  St.  Andrew'!  River  . . 

'  LahOD,  town 

3  Cape  ApolloaiK 

.  AX[M 

s  Cape  Three  Pomla. . . 
3  Dix  Core,  fort 

Elm'iiM  csitle 

Cape  Coart  caatle . . . . 

Anamaboo 

Tantmnquerr  Point. . 


Piingo  Port 

CapeStPanra 

Grand  Popoe 

j  Whjda 

i  Lagot,  enlraooe 

J  Benin  Rirer,  N.  pU.. 

Cape  Formoaa, 

w  Calebar  River,  W.  pt. 
Old  CaJelw  River, 

-  Tom  Bhot'a  Frant. 
^  Cameroon  River, 

—  Soellaba  Point.  ■ .. 

a  Cape  at.  Jobn 

.   Gaboon  Rirer,  a  point . 

^  Cape  Lopei 

'  Settee  Rrrer,  entrance  . 

Loango  River,  cntnnce 
Kiver  Congo, 

C«pePadroa 

Ambrii  Baj 

Dande  Point 

St.  PknldeLoaado.... 

Cape  Ledo 

Nova  Redonda 

St  Philip  de  Benguela, 
Fort  Flagrtaff . . . 


Little  FUfi  I  ,  . 

Cape  Keim..' 

Great  Fiah  Bav, 

Tiger  Uand,  N.  pt. 

Cape  Frio 

Cape  CroM 

Walwicb  Bay, 

Pel-can  Point 

Angra  Peqnena 

Cape  Voltaa 

Cape  Donkin 

Cape  Deeeada 

Bt.  Helena  Bay, 

Patemoaler  Point , 

Baldanha  Bay.  H.  pt 


D.  H. 


PoiM  Iner 

Danen  laland 

Robben  laland 

TABLE  BAY, 

Cape  Town,  oba.  ■ . 

Green  Point  light. 

Cape  of  Good  Hope 

BellowaRock. 


FALSE  CAPE,  or  Hane- 
klip 


XXXIX.     UaaA  Mucen  C^  Vtrdt, 
the  Capt  ^  Oood  Hapt,  and  Capt  Horn. 


The  Roccaa,  (dangennia,) 
Ferdinand  dBpo,S.nl.  . 


Bt.Thonua,  (Man-of-War' 
Baj,)  K.  pt 

^     Man-oT-War' 

B«y,8.pt 

Annabona,N.  pt 

Trinidad,  S.  pt 

Martin  Vhb,  (lugeat,)  . . . 

A9CE.\810N 

ST.  HELENA,  Junea 
Town,  obaervatorj . . . . 

Saxemburgh* 

Triatand'Acunha,N.pt.. 

Inacceaaible  Islanda,  


Hibemia  Rocks,  (donblflil,) 
Dipgo  Aivarci,  (donbtftil,) 
Gaugh's  laland 


D.  M. 

o  55N 
3  53  3 


'Vd 


37  7 
37  r5 
37  33 
37  3t 
39  M, 


Island  Rail,  N.  W.  pcnnt 
Salvaeea'  Islands,  N.  point 

The  Hater. 

Port  Egmont 

Island  Concha 

Cape  Leal _  _ . 

Point  de  la  Bftm,N.E.point  5i 

Cape  Corienles ' 

PortSoledad 

CapeBt.  Philip,  E.  p 

Beauehenes  lal,,  S.  point 


Cape  Meredith  .. 
Cape  Orfard  ... 
Cape  Peraival ... 
Attrora  Isles, 


Eagle  Reef 

Ateiander'a  laland.. 
Peler'a  Island 


d  Oeorgia, 
Cap 


!ape  Bnller53  5S     3B  i3 


5?  4o 

So  a8 

So  39 


■  The  ailiteDca  of  Ibb  liliud  ii  coniidered  donbtAil ;  thonoii  the  ■ppearsnea  oT  land  is  said  U 
MD  aean  hv  raveral  teaseli  in  varioas  ritnitioni,  Fhnn  X"  S- S.  Xo  309  tS'  S..  and  fhtm  VP  SW 
VVy  E.    The  ialand  St.  Matthew  doei  not  aiiat, being  the  same  as  Anaabona. 


TABLE  UV. 

Latitndes  tnd  L<xigitudea 


Island  lit'iTgit, 

Ca.p«  DiuppointmeDt 

Waiie'ilile 

Ckrk'i  IilBDdi 

Smdwicb    Land,   Ckpe 

MoDtague 

Candlemas  lalea 

Soulhem  Thute 

lale  of  ClrcumciaioD 


CAPE  OF  GOOD  HOPE 

FbIw  Cape,  or  Han^kli 

Danger  Point 

Dyer'i  Island 

Quoin  Point 

CAPE  LAGULLAa  I.  h. 

Cape  loianU 
Cape  Vachea. 
MoKlle  Bav, 


XL.    The  Coait  and  ai^aomt  htmdg 
/nmUt  Cape  tff  Good  Hape  to  Canton. 


D.  M. 

34  aa 
U  U 
34  4] 
34  44 
34  49 
34  498 
34  Jf 


BtB 


ilgU  I 


-  Cape  Recif. 

-St.  Croix  Iiluid,peaJ 

-  Doddirwton  Rock. . 

-  Bird  liland,  eaatern 
<nt  Padrone 

Great  Fiah  Hirer,  month 


Keiikatna  River,  enti 
Point  Hood,  eitreme. 
BufiUo  River, 

Ciipe  HorEan 

Hole-in-the-Wail 

St.  Joho'i  River,  entian 
Cape  Natal,  extreme. .. 
Fiiher'i  River,  entnuioe 

Point  Domford 

Cape  St.  Lucia 

CaoeVidal 

DeJagoa  Bay, 

—  Cape  CofUtto 

—  Cape  Inyack 

—  Englirii  River,  fiag-Maff  : 
Inbampura  River,  entrance 

Cape  Cotriente* 

Inhamban  Bav,  torn. 
Cape  Lady  Cfray  ....   ... 

Baurouta  Island,  N.  pL  .. 

Inveraritj'i  Shoal 

Chulnwan  Island,  N.  pt. 

aofsla,fort 

Quitlimane  River,  town 

David's  Shoals 

Fogo  01  Fire  Island .... 

Ean  Island 

Macalonga  Pmnt 

Caldeiral aland,  centre 


Maamedelsl. 
JUogincale  Shoals,  middle. 
MOZAMBlqUK,  St.  Jago 

Island,  centre 

St.  George's  Isl.,  fort 

Melamo  Point 

Peuda  Shoal,  E.  end 

MauDhini,  or  Devil's  PL. 
Querimb%  Islands, 

—  Querimba  Iiland,  N.  pL 

—  Matemo  Island,  E.pt.. 
Vumba  Island,  £  point.. 

C^  Delgado 

Lindj  Kver,  fort 

Keelvrs,  or  Quiloa, 

PagMi  Point 
Fort. 

Monreea,  W.  point 

Poana  Point 

Latham'*  Island,  or  Sand 
Bank 

Zanzibar  Island,  S.  prnnt . 

N.  point 

Pemba  Island,  S.  point . . 

Mombas  Islanid,  fort 

MaleendaPoct 

Formosa  Bay, 

Has 

Patta,  town 

Dundss  Island, 

Port  Dnmford, 

DedaluB  Shoals 

Juba  River 

Brava,toivn 

Torra 

Mokdeesha, 

Has  Aaooad. 

Ras  Awath 

BasUl  Khyle 

RaaMabber 

Has  Hafoon,  or  Orfoi  .... 

Cape  Goardafiii 

RasHeU 

Mette  Island 

Burnt  Islano 

Euibnrra 

Zeyla 

BasBlr 

Abdnl  Koory  Island,  W.  pt 

N.E.pt 

Salte's  White  Rot^ 

Socolra  Island, 

Ras  Rarby,  W.  pt  . . 

Tamarin  My,  town  . 

Elaa  Shoorguy,  E.  pt 

Babelmandel  Island... 
B^>e1mandel  Cape.  ■  ■  • 

Panther's  Shoal 

Cape  Ratta 

Dhalak  Island,  D.town 
Massowa  Bay,  lights  . . 

Port  MomingliHi 

Suakrn 

Miria  Sheik  Barond.  ■ . 

Salaka 

Cape  Calmet 

Cape  Ras  Elans 


to  4B 
4o  47 
40  5i 
4o  Si 
•^o  38 

4039 
40  4o 
40  43 
4o  40 
3945 

3937 
1934 
J9  3B 
3,37 


39  33 

3943 


41  36 

4j  3q 

N44    3 

44  II 

45  iS 
48    0 

48  4o 

49  46 

50  So 


Si  a 


43  o 
43  17 
Si    8 


i4  56 

lS46 
[5  36 


37  »7 
3f  aS 


TABLE   LIV. 

Latitudes  and  Lon^ciiudes. 

[».|iW» 

St  John'B  Iiknd 

Lmi. 

Z*y. 

i 

CnMcentSlioal,  about..... 

Lot. 

l«V- 

D.  M. 

33  36N 
M    4 
14  aS 
14  S4 

34  56 
aS  lo 
i6    8 

iiii 

18  i5 

17  43 
37  i8 
14  n 
Id    4 
11  19 

19  7 

;iu 

i5  42 
i5  i5 
iS  3i 
i5    3 

;ii 

11  4i 

11  46 

•at 

.5  38 
.6  58 

17  13 

B 

.728 
■75. 

18  S8 
30     8 

10  43 

11  16 

31.3 

>3  37 

n 

•a 

1657 

>6  55 
16  4' 

li  54 
16  iB 

16  4? 

ifi48 

D.  M. 
36  loE 
36  16 
35  16 

SS 

35  48 

34  i5 

gs 

33  10 

33  3fi 

34  iS 
34    5 
3733 

38  1 

39  t5 

40  5 
43    8 
<i  39 
J14T 
(1  00 

i3    l3 

4i  54 
4i44 
ii  Si 
43  12 

M  10 
45    3 
5o    3 
5.  48 

53  16 
5443 

55  (8 

56  to 
56    3 
55  5i 

55  35 

56  11 

57  46 
56  33 

58  5i 

59  «* 

5955 
56  35 

5757 
56  18 

H;f 

55  57 
5554 
55  -4 

3i     8 

54  35 

4    3 

n't 

5Sn 

37  58 
3o3o 

nil 

1840 

35J 

16  57 
16  3j 

i.'. 

'lb 
111 

14  38 

14  48 

34  56 

35  9 

14  53 
35  i4 
35  55 
35  on 
34  46 
1437 
14  35 
34  [? 

34    13 

34  40 

35  1 

li-.', 

35    31 

i5  iS 

3543 

35  48 
i5  53 
16    3 
16  10 

36  .3 
36  rfi 
36  34 
»6  3a 
3614 

i5  38 

ihl 

30    43 

30  56 

33  17 

il  '5 
10  33 

30    1 1 
70      3 

■9-9 

U.  M. 

5i  43  G 
5,   .9 
5o    I 

So    7 
So  So 

%i 

48  43 
48  35 
48    5 
48  16 
Sou 
5o  ,3 
5.   ti 

%S 

5116 

53  18 

53    35 

5i  46 

53  17 

53   43 

5300 
53     . 

53  i3 

54  i3 
5i  36 
5i  39 
5i  3? 
5i  3t 
Si  43 
5t  45 
5i  47 

53  17 

55  14 

54  3i 

55  i5 
55  39 
55  33 

55  54 

56  4 
56    8 
56  I. 
56  i4 
56  16 
56  .9 
56  >6 
56  34 

56  35 

57  48 
fo35 
Si  i5 

Sis 

71  44 

73  36 
71  47 
73  38 
73    3 
7155 
7*43 
73,49 

CeiiLnnaQ  Ulind,  donbtflil 

BASRA,  or  BUSSOHA.. 

Phelechi  IiJind,  S.  E.  end 

Ciip«  Jehui  Peak   

R«i-iil.|,nr 

1 

ShfMlaw.Ul.nd,  B.  poirt.. 
Rareedy  Harbor  Capo  .... 
Ysiiibo     v. 

K 

MuBbU  RmA, 

H.wlool 

OebelZebkyr 

O^brl  Zivhii,  N.  L 

Ctpe  St  ADthonj 

C«Je  Adeo                 .   ... 

Seir  Abonud,  N.  pt 

Jeiurab-ain-LaBHrt 

Goodwin'.  Lluidi 

Ru-el  Michereeb 

SUnnu'a  Shoal,  N.  end  .. 
Mount  Jibbul  AUi 

tU>Horelwi,cxtrems.... 

Curik  Muri>  f.Ie., 

—  JiblyPeik 

HilWmj.N.  E.pt. 

EU>  Owwow,  or  Cape 

iUd  Isln^,  town 

< 
■-5 

Muwra  Iilaod,  8.  point.. 

Shaoi^toweni 

Cipe  JfddBorTeddi 

Ru3h«ik  Mnmoud 

iU.*]H*d,orC.p<)IUw]. 

wSiir.:  ■.■.;■.:::■-'.::'.::: 

LvnekHill 

KUhm*  bUmd, 

AnrrDiABp»mId.nd, 

DirHT:::::::::::;:: 

<a  CreU  Turab  Iilui^ 

^lUomboMliluid 

^  P<Miot  or  Beliot  111.,  middle 

St.  John'i  Highland 

Buxluiib,  W.  point 

TABLE  UV. 

Lstitudei  and  Longitudes. 


BOMBAY  fSiHtnff',)  ... 

ligM-houie . . . 

Henery  uid  Kener^  Ul&ndi 


D.  M, 

S  S6N 
:8  54 


Gliaoul 

Riuljapour  Harbnr 

Buicoot  Rivei. . , . 

SevendrcwE 

Dabal 

Argenvell  Fort. . . 

Borm  Point 

Zu^hur  Point .... 

Retlna-Gerlih.... 

lj«pour  Fort ^ 

riali  Point  and  flag-staff 

Aogriu  Bank,  N.  p. 


Dpffghur  Harbor  .... 

AlcheraRiier 

Mehindj,  (fortified  iiland^ 


Point . . 


r  Burnt 

Roiee  Point... 

Chirecote  Fort 

Chapra  Fort  .  ■ 

Ali[iiada   Pt.,  N.  entiance 
GoaBav. 

GOA 

,  St.  G«orge'a  Iil.  (western) 

3  Cape  RaniM 

I  Oyster  Hocks,  (aotermoit,) 

!  Car  war  Head 

■  AnjedwB,  (ialaod,) 

''  Metjee  River 

ForliBed  Island 

Pig;eon  Island 

Bucslore  Peak 

St  Mary's  Rocks,  N.  p. 

— -  8.  p. 

Molhy  Fynunid 

Fremeira,  or  Molkv  Rooks 
MANGALORE 

Mount  Dilly .. 

Canonore  Point  and  fiMl. 
TelUcherry  flag-staff .... 


Calicut 

Beypore  River 

Pnniany  River 

Chitwa  church 

Cranganora  or  Ayeotta 
River  

Atippee 

iTiker,  or  Aybioks 

Quilon 

Angenga  fott 

Rultera  Prant 

_    jiapatam  Point . 

CAPE  COMORIIS 


Ceylon,  Fmnt  Pedro 0^9     So  33 

— ■  Colombo o  57     7950 

—  Adam's  Peak  ....    6  Sa     8019 


73  b4 

7a  54 

7>58 


t3  3i 
73  38 
7339 
73  4a 

7339 
7349 
73  52 

7354 

73  46 
73  5s 
73  45 

73  55 
7J  o3 
7408 

74  o5 
74  10 
74  U 
74  >7 
74  18 
74  5a 
74  54 
74  54 
74  5i 

74  38 
7449 

75  11 
75  ai 
75  38 
75  36 
75  3o 
75  46 

75  5i 
76 

76  o3 


D.  H.     D.  U. 


-  Point  de  Oalla....   t 


-  Dondra  Head. . 

-  Grand  BaMaa  . 

-  Little  Banaa  . . 

-  Elephant  Point,Rl.   ( 

-  Agaua,  or  Agauia  , 

-  Bittacola,  Fort    .. 

-  Vendooa  Bay,N.pt.   7 
~  Trincouialey,  Flag- 
staff Point 

-  Molewal,  or  Hoik. 

teera  Houae  .1 

-  PcHDt  Palmyra. . 


Manapa  Point. . 


e  Pagoda.. 


Punnecoil  . 

Tutacorine 

Point  Ramen.... 

Deviapatam 

Tond; 

Point  Caljmere  . 

Pagodaa... 

riegapatam  Fort. 

Five   White   Pagodaa  of 

Tranquebar 

DeTicotta,  Coleroon  River  1 

Porto  Novo 

Cuddalore 

PONDICHRRRY. 

Badras  

MADRAS,FortSt.( 


Pulicat 

IntTeBni^!!'.!!!! 

Goitdegam 

Falae  Point  Div;  ... 

Point  Divy 

SfASULrPATAM  . 
Narsapour  Point .... 
Point  Gordewaro  ... 

Jaggemautporam  . . . 

WatUra 

Viiagapalain 

Bimlipatam 

Chioacole  River .... 
GanjamBag^ataff... 

Manikpatam 

Jaggernaut  Pagodas. 

Black  Pagoda 

Falae  Point 

Point  Palmyiu 

BALL.ASORB  .... 
Ingerlee  Pagoda.... 

Kedgeree _ 

CALCUTTA,   Fort  Wil- 

Chandemager »: 

Sanger  LW.pt, 1 

Light-houae  Point i' 

Tail  Wpstem  Brsce,  B.  p.si 
Tail    Western    Sea    Reef, 


79  58 
79  5i 

79  So 
79  Si 
7947 
7943 
79* 

79  5o 
Bo  9 
Bo  (6 

80  a4 


B5  39 
B5  54 
86  8 
B6  59 


TABLE  UV. 

Luitudea  and  Loogitudes. 


Tul   Eulera    Sea  RmT, 
.      S.p 

i  FInaluie  lighl-vessel  ■ . 

^  Tail  of  aiuger  Sand,  9. p.  ai 

»  Cudja  Deep,  (ialand,)  ...  ll 

*  Idunnbad,  or  CtiitU^fang  i- 

JLed  Crab  Uland ~' 

Doinbuck    or    Elephanl 

Poinl ' 

Sl.  Martina  Reel,  8.  pt . 
HoHjue    Point,  entrance 

Temblei,  w!  

Cheduba  Pagoda.... 

TieelaUnd 

Foul  Island 

Churoh,   (or    SL   Jahs'i 

Elock*,) 

CalTenturaRocka,IT.W.. 

Bufialo  Rocks 

Cape  Nenaia 

Duaaoaa  I  aland. . . . 
Sunken   laland,  oi 

RangooD  or  Pegu  River 

PEGU ....!!!!'!.!.! 

.  Manaban 

■  Tavay  Point 

B  Ta»ny  Uland 

^  Caboawi  UUnd 

West  Caniater  Uland.. 

Tuuaaeriin  liland 

Mergiii 

Ton-a  Iilanda,  weatern 

Bluk   Rock 

Domel  Uland 

Sl  Matthew'a  Uland 

Seyer'a  lalands,  N   f 

Junkaerlon  [aland,N  j.. 
S   - 

Pulia  Rivet 

Eiepliant'a  Moanl. . . 
Queda 

Prince  of  Walea'a  Uland, 
Port  CornwaJlia  . . 

Cape  Caian , 

Salinrore  Hill  and  Tort. .    . 

Pulo  Callam   or   Colong, 

S.p 

.  Paicelar  Hill 

•  Pareelar  Poinl 

J  TanjongTnan,  (Cape  Ra. 

Tanjong   Clin,   or    Peei 

Punjah    

Tiaher'a  laland 

Malacca  fort 

Water  lilanda,  aouthern  . 
Mount  Mora  or  Moar  ■  • 

Mount  Pormoaa 

Mount  Battoo  Ballo. .. 

Pulo  Piaang 

PuloCocob 

BinrapiK'e 

Little  Hill,or  False  Joboie 


D.  H. 


88 

3-7 

»en 

4H 

9' 

^ 

9a 

4 

v 

S4 

iri 

<M44 

94 

b 

96.5 

,6  5. 
,735 
98  9 
98  14 
9,55 
p  97  i' 

IPS 

97  »6 
77  38 
97  57 
58  10 
97  «> 

97  4o 
08  18 

98  18 


io3  |3 
io3  a5 
ro3  So 


Johore  Hill  . . . 
Barbucet  Hill  . 
POINT  ROMANIA.... 
Falae  Barbucet  Hill. 

Romania  Reef. 

£aatem  Bonk,  (outer  part) 
Pulo  Tingy  .... 
Blair'aHaibot.. 
Pulo  VareU.... 
PahanRoad.... 

Tingaram 

Howard'a  Shoal 

Pulo  Brala,  or  Capaa  de 

Mer 

Pulo  Capaa  de  Terra. 
Tringany  River,  entrance 
Great  Redong  laland .... 

PuloPrintiao 

CalanUn  Road 

Cape  Patani 

Pulo  Loiin 

Pulo  Car* 

SiainKiver,R  eotraitoe  . 
JUTHIA,  or  SIAM.... 

Cape  Liant 

Pulo  Way 

PuloOby  FaUe 

Pulo  Oby 

Cunbodia  Point 

Cambodia  River,  W.  ent 
Cape  St.    Jainea,  {E.  en. 

trance  Saigon  River,}  , 

Cape  Trivoane 

Point  Babeck 

Britta.Bank,N.E.p-... 

Coir  laland 

Point  Kega 

Point  Vinay 

Mui-gDio,  or  Little  Cape. 

Pulo  Ceicer  de  Terre.... 

Cape   Padaran 

Padaran  Bay 

Cape  VarelaFalae 

Carmaiffne  Harbor,  enL  . 

Water  lalandi 

Tm  laland 

Pyramid  laland 

Nhiatrang 

Three  Kinn  Rocka 

Hone  Cohe  Harbor 

Cape  Vaiela,  or  Cape  Pa. 

Perforated  Rock 

Fhuyen  Harbor,  entrance 
Coamong  Harbor,  ent... 

Pulo  Canibir 

CapeSanbo 

Quinhone  Harbor ... 

BuSUo  Uland 

Point  Nuoc  Ngol 

TainqoM  River 

Pulo  Canton 

Port  Qui-quick,  ent  .... 

ChaniCalfao 

Cape  Turon  or  Tienchn. 

Callaohanne   laland,  (N. 

entrance  Turon,) 


:i 


3.9 

3  33 


16  ^ 


TABLE  UV 
LaUtuika  and  Longitudes. 


Capr  Chi  anj 

Hiw  ur  Huesao Rivrr.W^ 

Tiger  Uuid 

Ilainiui   lalnnd  and  uija- 
Ci'nt  Islands, 

—  Yiitchew  Bay  . , , 

—  YuIenkED  Bij,  Zenby 

—  South  Point  of  Hiinan 


—  Luennor  Point,  S.  p. 

—  Sail  ftoct 

—  SuJdle  Island 

—  Point  orinnd 

—  Nnnkin  Island 

—  Tinliosa  Iiland 

—  FalK  Tinhosa 

—  Tuongean  Mount,  pL 

—  Hainan  Head,  N.  E  | 

—  South  Taya  Igland  . . 

—  North  Taya  Idand  . . 

Nowchou  centre 

Tj'roong-kyoh   liland, 

(Tirnpak  HoiboT,)  ... 
Tj-Chook-Chow  Island 

8ong-jue  Point 

Mnmee-Cbow,      or      Ih 

Twins. near  8.W.p.o 

flai-Iinv-shan 

Ty-oa  Point 

Numpang  Island 

Mandsrin'g  Cap 

Mnng-Chow  Island  .... 
Hiv-Chean,  S.  W.  end  . 
Passue      Island,      (near 

S,  W.  p.  Haw-Cheun.) 
Wy-Caup    Island,    (neai 

S.point  St.  John's,}... 

Llpu-Chpw  Island 

Wiiard  Rock 

Ty-kam  Island 

Con-cock  Island  8.  W.  Pt : 

Tvloo  Island,  S.  p 

OWat  Ladrone 

Potne  or  Passage  Island 

Latf-Samee  Peak 

Tvpa , 

Mac 


Lantoi  or'Tjho  Island, 

S.  W.p 

Linlin  Island,  peak  .... 

Amps'  Ears 

Great  UnmIsl.,N.e-P- 

Nine  Pin  Rook 

Wlinmpna  anchorage... 
CANTON 


D   M. 

107  59 E 

07  41 


XIJ.  hla>ulatmdShoaltmlkelJV7>!Ay 
OCE^IV,  bttieeen  tht  meridiani  ^  the 
Cape  of  Good  Hme  and  SuTnaIra,  inclu- 
ding tho$e  fr.  anrfVv.  IT.  <ifJVao  HoUand. 


Dutch  Bank,  Stol  Van 


D.  M.       D.  M. 

Jo  00  8   3B  5o  E 
36  00       43  3a 


Telanuqae  SIkmI,  donbt- 
Ail,   Tuioua  lit- (  from  3( 

nations, lto..3< 

Brunswick  Bonk.doublful  3- 
Frencb  Shoal,  doubtful . .  31 
Atlanta's  Rook,  doubtful  31 
Wellington    Shoal,   rerj 

doubtful 7 

Prince  Edward's  Islands, 

loutlwminaat  4f 

northern  moat  iW 

Kerguellan's     Land, 
Isle  of  Desolation, 

Bligh's  Cap,  N.  p 

Christmas  Harbor. .  41 

Port  Pttliser 

Cap©  Digby,  or  E.  p 

Cape  George,  or  B.  p 

Island  Sogtairo..., 

St.  Paul's  or  Amalerdam 

Itland 

Amsterdam  or  St.  Paul's 

Danish  Rock,  doubtful  . ! 
Cloate's  Island,  (lottfitude 

Tryal  Rucks  .' '. 
Rosemary   Island  1 
A  reef  }(l   mile 

N.  W.  of  Roai 

mary  Island.. 
Abrohlos  Shoals    , 
Cfaristniaa  Island  . . 
Cow   Isles, 

Northern. ...  1 

Southern  ■ 

Clark's   Reet  S.  K  poii 

Imperieuse  Shiml 

Oampier'i  or  Scott's  Reef, 

H.  W.  end  u 

N,  E.end. 

Coral   Bank 

Coral  Bank,  Obthonu..  1. 
Coral  Bank,  1  bth 
Cartier's  Sandy  li 

Sink 

Red    Island,    (very  near 

New  Holland,) i! 

Coral  Bank,   10  fatlloms 

arle«i 

Hiberaia's  Shoal..     

Bahnl   Shoal,  8.  W.  p., 

ISftthomt 

Echo's  Soundinga, 

Rock 

ConI  7  fkthom«  Bank. . . 

Portone  Shoal 

I'nion  Shoal 

Dutoh  Bank 

Otter's  Shoal,  doubtflil.. 
Princess  Augusta's  Shoal, 

doubtful - 

Union  Rooks,  doubtful.. 
Swallow     Rocks     and 

Breakers,  donbtAil....  _ 
BflliqufsfBhoal. doubtful' j| 


TABLE   UV. 

Latitiules  and  LonxiludM. 


:  CAPE  ST.  HART. 
S  Stv  Reefs,  S.  end  . 
I  St.  AuffUfUoe  Bar, 

f Suid.  Idand 

SICapeSt.  VinecDt  . 

Hoorond&Ta 

Cape  St  Andrew. 

BuyuiDa  Bay ,  enti 

Bemhatooka  Bay, 

Msjunga  Point 

Majimbo  Bar,  CDUancr 

Nareenda  Bay 

SancHue  Island,  N.  pt. 

PimandaTa  Bay, 

Nine  Pin  laladd 

Dnlryrnple  Bay 

Nu  Beh  laland,  N.  pt 

Minow  laland,  N.  pL 

Cape  ai.  Sehnatian  

CAPE  AMBER,  N.E.  pi. 

liritiah  Sound,  eatnuice  .. 

Port  Leven, 

Nmih  How  laland 

Cape  Ean, 

Antongi1Bay,FonChoi*eul 
Cape  Bellonei 
1.-     ■   "         ^ 

Foul  PoiDt 

Tuiiatave  Pnnt 

Fmg  Iilet 

Manooroo 

Raagaiarah 

ManainhaLno 

Si.  LuM  Bay.N.  U!e  .. 

FORT  DAUPHIN.... 

Stir  Bank 

Biwaa  de  India 

Europa  Rncka,  8.  pt.  ■ . . 

^utaei  RrickB 

mdi,Oape. 


topher-a  Island 

Coffin  Iiland. 

Chmtprlield  Shoal 

Mnyotta  Iiland 

Mnhilla  liland,  E.  pL  .. 
Johanna  Island,  peak  ., 

Comoro,  S.  E.  pt 

Portuguese  Shoa' 


D.  M. 

i5  398 
j5  U 


Mar 


lali 


donhtfu) 

Rorer  Shoal 

Aldabra  lakndi,  N.  W.  p. 
AtaumntioD  Island,  Huml 
Oinroledo  Island.  K.pt  . 
Marquis  of  Huntley'*  Bank 
St.  Ppleia  lalnnd... 
NaUl  lilsnd,  doubtJIiI 

Sandy  Island 

St.  Lawrence  Itland  . 


<r  Isli 


:  'i-  P™ 


i6  39 

48  46 
i-)  19 

49  »S 

4953 

50  3u 
49  5i 
.49  54 

49  5i 
49  37 
49  i9 


44  16 
40  14 
3a  36 
4>  36 
35  33 


4t>  47 
43  47 
43  55 


44  3o 
43  33 
46  So 


913 
9  46 
9  38 
955 


:  MaheBank,  N.  W.  p 3 

'  8.  E.p S 

Seychelle    or 

Habe  Island   t 

-W.  pt  PnsUn  Island   4 
FrenchB6od 3 

san  talands 

Alphonio  Island 

Sandv  Island  or  Bank.... 
fslp  Bourbon  St  Uenlt.. 
MBurlUus,or  Isle  of  Prance 

Port  Louii 

Diego  Itais  or  Rodri(|ue  . . 
Sl   Bninden   or   Caigadoi 
Garajot, 

S.  part  of  the  Bank 

Low  Sandy  Island  . 

Islrl  with  haU 

South  Islet 

Natareth  Bank,  S.  W.  p.  . 

N.  E.  p... 

Sandy  Island 

Oal(>|ca    or    8.  Roquepil, 

Saya de  Malha  Buik ,..( 

limits.. .( 

Fortun*  Bank,  10  &tli. ... 

JoliDdeNoTa,N.  pL 

ProTidence  laUnd.  If.  pC  . 
C<«tiiry  Island,  N.pt  .-■- 
Chagos  Archipelago, 
Diego  Garcia J 

Pitt's  Bank i 

Centurion's  Bank... 

Uangvs  Bank 

Owen's  Bank 

Egrnont'a   or  Six  Isl- 

Dnnaer  Island 

Eaele  Inland 

Tlirpe  Brothers 

Puros,  Ban  has  Islands 
Saloman's  lil'«,  a  W. 

Sandy  Islands 

Speaker's  B-k,  N.£.pt. 

Pona  Holubque  Atoll,  8.  p. 

~ N.  W,p. 

N.E.  p.. 

Addon  Island,  middle.... 
Buadira,  souibrm  group, 

—  South  Reef..... 

—  South  Island.... 

—  S.W.Island.... 

—  N.W.Island.... 

—  N.  Island 

—  Northern    gmop, 
S.  W.  Island  . 

—  N.W.Island.... 
~   N.E.  Island.... 

Adoumatis  Atoll, 

S.  W.  extremity.... 
Southernmost  Island 

N.  W.  Viiaiid! 
H.  B.  laUnd.. 


7  14 
7  17 
6  So 

737 


TABLE  UV. 

Lmtitudea  uid  Longitudes 


Moluo 


_  Aioll, 
South  liUnd. 
Loiw  Islind.. 
N.  W,  eitremitj 
WMtaDtTonce  of 

Coll.  Cluiuiel 


_ _._AtoU 

PonliHlnui  Atoll 

AK  Atoll,  N,  la.  B.pt 
Mide  Atoll,  or  HudiTU, 

S.E.p 

Oaftrliliuid 

TrxtuUlind 

Cnrdivii  Island 

.M&loaa  Hulall,  3.  pt. 
Padipolo  Atoll,  E  p.  . 
Minn  Done  Aloll^  E. 
Tillt  Ddu  Hatii,  or     . 

of  the  Iilandi,  northern 


Hinicoj,  or  Malieoy... 

BeoTelli  lalaodi, 

Souibeni  . 

Northern. . 

Southern 


tremr  R«ef. 

Kalpeni  Iilandi,  S.  p 

N.  p 

Courutee  Jiland 

PittieSand  Bank 

Underoot  island,  E.  pt. .. 

Auculla  [aland 

Binnro  laland 

Tingaro  laland 

Ameni  Island 

Permulpar  laland 

Cardainum  laland, 

Rpt 


Angriaa  Bank,  N.  p.  . . 

Bale   or  Cntton    RimI 

(doubtful,) 

LeMrnir'i  iWf.fduabt 
Pirparis  laland,  N.  p.  . 


Little  C'wa  lal. 
Landfiill  Ulani 
Great  Andama  , 

Copp  Price,  N.  end 

a.  E.  point . 

Fnrt  Curnwi 

Port  Chalha 


7^44 
t3  56 
73    o 


?3  do 
93  II 


93    7 
,2  39 


Soolli  or  Little  Centinel. 

Fi*e  Iilanda,  8.  p 

S'ntera,  •ontbem 

Brothera,  nortbem 

Little  Andaman,  N.  p. . 

InTiaible  Bank,  N.  p. . . 

S.  p,.. 

Flat  Rock 

>n  laland 

Naroondam 

Car  Nieobar 

Battj  Maloe 

Chnwr;  laland 

TencMa  laland,  N.  p. 

S.  p. 

Katchall,  W.  end.... 
Noncawrj  laland  and  hir- 

Coinarta,  N.  p 

Ti  Mangcbonf  lalanda,  N . 

S. 

Meroe  Island 

Little  Nieobar,  N.  p. . . . . 

-S  p 

Great  Nieobar,  N.  p 


;s 


D.  H. 

I    «    31  E 

<li  55 
9»4fi 

91  3S 
9»  *> 

9'  41 
93  *> 
93  3d 
93  54 


93  17 
93  6 
93  33 

9346 
934a 
93  40 
93  4a 
9334 
93  43 
9334 
^  55 
9354 


BiUiagtoti,    Oatpar,   Banctt,   with  Urn 
a^aeml  Idandt  and  Stmitf. 


Aeheen 

Golden  Mountain •■■. 

Fedir  Point 

Elephant  Mountain 

Tooloo-Samwoi  Point . . . 

Diamond  Point 

TanjnngBou 

Baiaearang  Point 

Piiurth  Point 

Third  Point 

Se«oiid  Point 

First  Point 

Hoff  Point 

FIM  Point , 

nbing  Baf 

Bencoonat 

la  Pijot , 

Bulblo  Point 

BENCOOLBN,    (Fort 


l^ 


9545 
96    5 

96  5o 

97  t4 
.,       97  38 

5  8io4  3o 

104  5i 
io5  i5 
io5  3a 

105  4t 

106  3 
105  45 
104  36 


Caytone 

Moeo-Moeo 

Indrapour  Point 

Padang  Head 

Priainan 

Natal 

Tappanool;,  F.  Eiuheel. . 

Tappoote 

Sinkel  Point 

Bulo  Sainah 


ia4  a? 
io3  34 
.0.49 
101  19 


97  57 
97  46 
9^54 


table;  uv. 

Latitudes  and  Longitudes. 


TroniDon .•..•. 

Pulo  Dou 

Bueoongung 

Pulo  H^ikie 

Ouiong  Caomoowuns. , 

QujoaECInet 

Qiuiifi  Bahoo 

Qualah  Anehthn 

TampatTuaa 

Batto  Pljeer 

South  TftlUpoa 

Pulo  SoanxMluag 


LabouD  Uodjie .  ■ 

MiiDffin 

NonETiJUpoa.. 


I'ulo  Kio 

(jualah  Btttoo , 

Oujoog  Se  MioiD... 

Uape  felii 

Oujong  Tripafa 

Ansiaww ,  .    . . 

Orvong-Boobooa   or    Ba- 

Pulo  RuanM,  off  Rigu 

Bay 

Oujong  Chellung 

Tellow  Goolampung  •  ■ . . 

Pulo  Cm 

Palo   Riah  and  Pulo  H. 

Bnrbee  Wee 


Uujon{[  Dahwaj.. 

Pi:1o  Rondo 

Pulo  Way 

Pulo  BlUH 

Pulo  fUjah 

Cocoa  [ilanda  . . . . 


Burgh  Rock  .. 

Shonl,  10  feet , 

Caitlereazh  Shoal  . . 
North  Pulo  Dua.... 
Paange  I<Und 


PuloLucotta 

LondiK  Shoal,  (N.  It.  B. 

i  E.  fKim  Lncotti,  dit- 

UDt  24  ■ 

Pu™Dm 
PiiloNyaa,  S.  p... 

Pulo  Tamong 

Pnlo  PaDJang .... 
Clappe  ■  filand,  mi 
Pulo  Mintaon.  or  1 
Pulo  Ayer  Beaar  . 


97  5i'E 
97  44 


97  i6 

.97  '4 
97   II 

97  4 
97  3 
□6  58 
96  57 
96  56 
96  46 
9641 
96  3i 
9614 
96  16 

96    5 

95  38 
95  40 
0  4t> 
9537 
95  34 

9S  3o 
95  3o 

95  iS 
95^5 

9S  i4 
95  j3 
gS    6 

9S  33 
95  33 

95  58 

96  38 
96  34 

96  41 
.9647 

9654 

97  lO 
97  33 


97  56 

98  4a 
98  3o 

I   98  3o 


8e-be»ro,  or  G.  Fortnue 

laland,  N.p 

g.  W.  p.  . 

Se-poia,  01    South  Pora, 
N.  W.  p 


Laan  or  Larg  lalaodi. 

Rat  laland 

Reefi  Iiland. 


Triette 

Pulo  Finng 

Little  Faitune  lilasd.... 
F.tuano  or  Deceit  lalaad, 


-  8.  E.  point .. 
-W.  point'.!!! 


Bantam  or   St.  Niebolai 

Point 

Bantam 

BATAVIA  obi,  .. 


Princew  Charlotte  E 
Indramaye  Point . . .  ■ 
Pulo  Rackil 


Shoal 

Cheribon  Mountain  . . . 

Taggal 

Rock 

Samarang  flanlaff. . . . 

Mandalique  laland..., 

Lerang  Point 

Rombang  ,,..,..,,.,. 
Point  Pankaor  Paiiso. 

Sourabaye.  fort 

Cape  Sandana 

BalamboDsng    Bay, 
Goonog  Ikan 

Turtle  Bay 

Tulan  or  Dirck  Vrie'a  Bay 
Wins  Cooper'i  Point 


Mew  Iiland 

Peak  on  Prince'a  laland  . 
Fe«k  on  Crocaloo  laland. 
Peak  on  Tamarind  laland, 

or  Pulo  B<>nT 

Pulo  SetKwko 


644 
6  36 


5  47 

6  55 
6  5o 
6  46 
6  57 
6  53 


B  33 

8  46 

7  48 


TABLE    UV. 
Latitudea  and  Longitudes. 


C»p 

Butlon 

Tiiwart-thp-wsj 

,  ZiilpJicD  \t]aaii,(taigeit,) 

»      N.p 

t  SottUi  WK.-her 

iin-t'aler'i  laluiil.. 

'loB"by 

loutdnd  IbUdiIi,  N. 
u^sen'i  Droogte  Shoal 

niuydcn  Bank 

North  Wstcher 

Three  Sisleri! 

Ni.rOiUl.nd 

i  Two  Brother*,  northern 

'iLvnn  Sh<«l 

Z  Slisbuiider  Shoal 

j  Brouwer'B  Shoal ._. 

-  Luce  pern,  3. 

Nanka  Islanda 

South  Point 

Tanjung  Panjonfi  oi 

Point  Lalarr  ■■■ 

Monopin  HilL  ■ .. . 

,  Tanjong  Goonting 

3  Tanjotig  MunooMi 

?  PTofBanca 

Z  Tanjong  Tuan.  ■ .  ■ 

■  Son^  teat  Bay... 

£  Tanjong  Rvah .... 

=  Goonong    Muaai 

a  M-""! 

Taniong  Breket.. . 

Rucbv  Pmnl 

Entmnce    Point,    0 

8.  E  p 

Enei    Shoal,  or   Fairlie 
Book 

Vangittart'iShoala....! 

Pulo  LfM  or  Middle  lal. 

Alceslc  Shinl 

Shoal  Water  laland.... 

South  Island 

Ni.rth  Island 

General  Hewitt'a  Hock.. 

Discovery  Hock 

Pulo  Glaua  or  Gaspai  la 

.  Tree  Island 

i   Warren  Hsatlnn's  Shoi 
,   B«lv^d<-re'a  Shoal.N.  pt 

E  Vunsittait  a  Shoal 

I  Hilliborough  Shoal  .... 
:  Magdalen's  Shoal 

Severn'!  Shoa) 

Billiton  liknd.S.  B.  p.. 

: 3.  W.  point 

Vp 

N.W.  Island,  off  Billiton 

Shoe     Island       (formerly 
Bird  Island  and  White 


D.  M. 

55; 


loi  57  I 
io5  5? 
o5  Si 

io5d7 
io6  43 
io6  3o 
i«6  i4 
i<>6  35 
106  47 
io6  48 
106  3o 
io5  48 


ro5  Si 

io6  So 

[o6  54 


io6  3o 
roB  10 
I07  3I 
I07  53 
,07  33 


(highest  iuand,)   : 

Minto  Rocks 

OnUrio'a  Shoal  ... 
Rendeivous  lsland,S.W.p 

Souroutou,  W.  p 

Carimata  Island  Peak. .. 

Pulo  Pspan 

Pulo  Punumbangan. . 
Mana  Terga  Isles  . . . 
Qieig's  Shoal 


The  Seven  Islands,  N.W. 
Pulo  Varela  or  Ba>»llah  . 

Pulo  Tapa 

TheCalontigaa. ... 
Ilchialer  Shoal.... 
Lingin,    Tanjong  Eang, 

S.  E.eitremily ' 

East  Domino  Island  . 
Geldrias   Bank,  same 

Uogfrer  Bank 

Eaitern  Island,  off  Pak 


Diacorerj'a  Western  Bank 

Eastern  Bank 

Reef 


D.  M. 
3  SoS 

3  3J 
3  36 


'u"rKlU 


Panjai  _ 
tlandLufeiKpt   .... 
Three  Brothen,  sooth . . . 

Pedro  Branco 

Islands  off  P.  Romoine  ■ . 
Bintang  Island,  (the  hill,)    i 

Johore  Shoal ....'.., 

HhioStnils.. 

laland,  E.  p. . . 

iin,N.E.p.... 

St.  John's  Island,  B.  p.. . 

Rocky  ReeA 

Middle  Island 

Coney  Island 

Buffalo  Rock 

Rocks 

Rfd  Island 

Tree  Island 

Alligatoi  Island 

Rocks 

Little  Canmon 

Great  Carimon,  S.  [^  >i 

The  Brother* 

PuloCocob , 

Pulo  Pissng 

Water   Islands,  or  Fout 

Brothers  S.  p.  . 
Fiaher's  Island... 
Bambech  Shoal .. 
Pulo  Callam  or  Colow, 

S.  P ^ 

Two  and  a 

Bank 

Round  Arma  ..... 
Blenheim's  Shoal.. 


toSio 
l8      ic 


a  half  Githonu 


TABLE   UV. 

Latituriea  aiid  LotigUudea. 


Long  or  Qrett  Arroa 

Two  Bt^ien,  Polo  Pui- 

Pulo  Salmnuns 

Pulo  VMeU 

Pulo  Jam. 

SoinbiUmg  111.,  soatbeni. 

DiadinT  laluMl,  W.  p.... 

Prince  of  Wain's  Iduid, 

;      Fort  CornwtUia 

,  PaloPera 

*  "-'3  lkinlun,{doiQO,).... 

3  Ladda,  S.  p 

i  Troltn  Island,  N.  p 

Snaeald  or  Guilder  Rock 

Pulo  Telibon,  a.  W.   ... 

The  BroUuTi 

Pulo  Rnjah,  orP.  T>7*. 

JunkBeyion,  8.  p 


D.  M. 


9954 
99  36 


5  41 

5  45 

6  33 
6  8 
6  49 

?3[ 
736 


98  57 


k  B»rbe  laluid 

I  Direction  latuid 

)  Pulo  Datoo 

■  Welitead's  Rock 

S  SLE>priiUlaiidi,E... 

'  Green  liland 

9  St.  Julian  lalaod 

S  Tambclan  lilaudi,  Eut  or 

I      Greallalmd 

I  GapRiwk 

,  Europ*  Shoal 

Rocky  Ultuid 

Camel's  Hump  .••...... 

Saddle  lalaod 

French  White  Ruck 

Victory  liland 

AoiiataRock    

""      *R«jk 

Macrdonian  Reef 

I  Booth  Anambaa,  limha  ! 

I  Puln  Domar 

i  Hiddle   or   O.  Anambu, 

5W.  limit 
North  Ananibaa 
,  PiiloTingy 

I   E..  lilctolTP.Tingy.. 

■  Pulo  AOR  or  Wawoor 

'  Pulo  Pinng  or  Pambee- 

Puloiimoan,  8.  p. 

-N.p 

'  Bay  on  8.  W.  aide  ... 

-N.lrietoffN.W.aide.. 

PuIoVarela 

Pulo  Brala,  or  Capaa  de 

Terra 

Pulo  Cnpu  de  Tern  . , 

SL  Pierre  lalandi 

l-'dp.  of  Rocks.. 

Larkin's  Ri-ef 


joS  3> 

107  S3 

10646 

107  35 
107  35 

107  36 


South  Haycock  Iiland  . 
South  Natuiiaa  Islands, 

—  South  Island, or  Sapata 

—  blast  Island 

—  Watt  Island 

—  North  or  Flat  laland.. 

Low  laland 

HultoDS  Shoal 

Diana  Shoal 

North  Hajcock  Island... 
Grand  or  Great  Natuua  i 

Island,  timiu { 

Ht  Peaked  Islani 

Pyramidal  Rocks 


l.t 


-N.  1 


.  Uli 


Coral  R^ef .... 

Coral  Reef 

North  Nalunas  Iilands,S .  p 


PuloCONDORE... 
ChailoUe's  Bank  . . . 

Phadton  Bulk 

Royal  Uishop's  Bank,  S-p.   • 


Round  Island,  or    Gi 

Catwick 

PuloCeicerde  Mer.. 
Minena'a  Bank 


DisooTery  Shoal,  W.  p.. . 

Jehangire'a  Coral  B^.. 
Vulador'aShoal,  E.  p.... 

W.  p... 

Crescent  Chain, 

Money's  laland.... 

Robert's  Island  .... 

Pattle's  Island 

Drummond's  Island 

G'lvernor   Duncan' 

Island 

Antelope's  Shoal. . 

ObMrvation  Bank,  N.  p. 

Pyramid  Rock 

Lincoln  Island 

Rocky  laland 

Woody  1 

North  Shoal,  W  p, 


n 

16  4o 
16  5» 
16  5a 

16  59 

le  54 


TABLE  LIV. 
Lsdtudes  and  Longitudes. 


Mucleifield  Bank,         ( 

SoBPlrarouKh  or  Har-  i 
;ola  Shoal,  limits^ 
iprit  Slioal,  (bj  LL 


Hveido,). 

Pratai  or  Pnter'l  Sbo 
N.  E.p. . 

N.  W,  p. 

— I  j^d"r  - 


__ _.  No.  XL. 

and  m  »d.  XLVI.] 

Pedro  Braaeo  

Lamoek    laland*,    onter- 


Andrade    Rock,    {nrj 

doubtful,) 

Luconiu  9boal*,    , 

Hard  Rocka 

Two  Fatltom  Shoal. 

Drj  Sand 

Sea-Hone  Reef..., 

HaJf-Hoon  Breaker^  S 

Bank 


",)■■ 


-  (bjA^ 


froDi  Palawan  . . . 
Eaphntea  Shoal... 
Kiiton-iShodi.... 
Louiaa'i  Breaker*.. 
ManUonane  Ulea.. 
Barton 'i  Shoals. .... 
RojiU  Charlalte'i  Rocki. 


Viper's  Bank 

Breaker! . 

.rduier'a  large  coral  flati 
and  cap", 

-  W.  p.  (Walpole,  Corn- 

wallia  and  A  ) 

-  N.  E.  p.  (Walpole  and 

A.) 

—  E.  p.  (Ardaaier) 

".    p.     (Penn^lrani 

Olouceater  Shoal 

Stag's  Slioa! 

"rinceofWale»'aBank,J 

London  Brenkera 

Reef,  weelem 

Ri^r.  eartem 

Breakers 

Breakers.... 

Ganges  Breakers J 

reatigator's  Shoal,  W.p. 


11753 
ii3  6 
ir3    5 

116  54 


ii5    8 
117  19 


Inreitigator's  Shoal,  E,  p.   I 


~  Coral  Rooks. . 

CaTallo  MadDO'a  Shoal  \ 

-Black  Rocks.. 

-Bank 

-  White  Sand. . 
-Low  Black  laland..  > 

Friendship's  Bhoal....  j 
Rardwicke'a  Beef*  (or 

Dolphin's) 

Breakers*  (ditlo)  . 

Roj'il  Captain's  Shoal. . 

Bombay's  Shoal 

Dolphin's  Reef*  (or  Hard- 

-Bieakers*..!!i!i! 

-  Breaker*  '  (ditto) 

-  Great  Reef,  N.  p.* 

Long  Island*.,,,. 

Brazen* 

-  First  Island* 

°  Falmouth's  (or  Eoei)  low 

I.land- - 

Bank,    or    Gossard's 

Bank 

t  Essex  (or  Falmoatfa)  low 

a       Island* I 

'  Goesard's  Reef  (or  Mid. 

dlebureb  R.) 

"  Small  Island 

°  Comwallia  Breakers  . .  5 


9  »7 
945 


Oaspar  Shoala.. 

South  Sri  Castle's  . 
Sandj  Islmnda  and  ( 
dangeca,  limits  (by  ( 
Lieut.  Ron) ' 

Two  Islands 

An    Island  (tnTesti^tor)  1 1 

An  Island,  ditto  .. 

A  Reef 

Discovery's  Reef. 

Tork  Breakers,  W. . . . 


(Viper's) 
(FiiuVV 


e  So 

S  58 

9  48 
93. 
9  49 
tit 


'  The  looglludas  of  these  ploeas  ought  piobaMy  to  be  inereased. 


TABLE   LIV. 
Latitudes  and  Longitudes 


XLfV.  bbtndt  md  ShoaU  Muwcn 
Babznia  and  A%i«  Guinea,  Smdh  of 
Oe  Cde&e*. 


Cirimoa  Java,  W.ez.  ... 
Lub«ck  or  Babian  liUnd. 

I  Arrogut'i  Bhoal 

\  Mutunlslnnd,  N.  W.p., 

N.  E.  p.  , 

Pimdy  talsDd 

Grenl   Snlombo  Iilsnd, 

(hillonS.  E.p.) 

Liltle  SolointM  Iiland  . . , 

Areutea  Iitand 

Little  PuloL.&ut,(middle)   l 
Four    Bnithera,    iimken 

Urk  Uland 

I.1and,N.p7?./^   - 

—  S.  E.Iiiuid,arHut-j  ' 


S.  W.  UUnd  .. 

a-I«l»nd.. 

Twolnirliluidl    7 

E.p 

'  Portilion't      Uliuidg, 

S.  W.p 

Eastern  lalmd. . . 

S.poet 

NoeaaSeni  [gluida 

N(ie«a  Comba,  about. . . 

8d.  Bonk  off  NoesFi  Comba|  5 

Calmohij    or    Rotterdui 

Hpn  und  Ctiickena,  9.  p.. 
ZalinofT  or    Saflansff,  oi 

Larr  ■  Iiland 

Corol  Bank  off  di 


S.  p.... 
ditto  E.  p. 


dillo  W.p... 
-  Fire  Fathonu  Bank  '. 
Tonyn  lalanda,  S.  W.  lit.  ! 
. E.   Iiland   ! 

Shoid  . 
l-anakeks  or  TunUuk  lal.    S 
Irlll  Shoal,  N.p 

ManoGeld  Shod 

Middle  laland 

Salaver  laland,  N.  p. . 
CoimiTni  '  "      "  " 


Pea 

South  laland 

Ht-gadia  laland  . . , . 
Boulon  laland,  S.  p. 

-Town 

-  N  E. 


8.  p.., 


ii8  3o 


. Calin 


>  Har 


'>kpn  Benr'a  laland*. 

'WanKiwangi.N.W.Iil. 

.  Pinnunko,  8.  lim.  .... 
Velthoena   or  Koko  ( 

laland \ 

St.    Mallbew'a     lalanda, 

(middle) 

Mania]akieeraland,(N.W. 

Tonin  i(land,J 

Schisdam  laland*,  N.  W. 

H.  E.. 

Shoal. 

Kalatoa  laland 

Alfred'*  Shoal 

Jaeger'*  Reef,  or  Banga- 

■— e  Shoal,  about 

-~  another  eadmate. 

AngElicg'*  Shoal 

another  eitimate . . 

Run  Raji  or  Liuard;  la). 
Rusk  Linffuette  or  Roaa- 

galet  Idand 

The  Three  Bastards 

Ballv  laland, 

—  table  Point,  or  B.  p.. . 

—  N.E.p.!!!!!!!!!!!!! 

Ballv  Strait*,  B.  entnnca 

A  ahoal  near  the  anehor- 

agr     at     BalaiiibDang, 

beara  S.  W.  i  W.  from 

the  flagataff,  diitant  ) 

Hynder'a  Roeka 

Banditti  laland,  S.  E.  pt 
Lomboak  1*1.,  B.  p.  aboot 
Peak,  near  N.  E.  p. 

>.Eti 

Lombocit  laland, 

lalea  near  N.  W.  p. 

Amponnan  River, 

Lnboagee   or    Ballf 

Town 

Selonda  laland 

Pulo  Majo  or  Mayo,  N.  p. 

Plat  [aland 

Sandbu>'*  Four  Shoal*,  ( 
liralta \ 

Sumbava  Island,  S.  W.  p. 

Timor  Tung  laland, 

(offN.  W.p).... 

BumbavaBay 

Tumbora  Hoontain. 

Biema  Bay,  nigged 

ditto,  rocky  point. 

'^Py  Bay, anchorage 

8,  E.  Paint 

Ooonong  Apeelal.  Psak. 

CoiiHido  Island 

Florea  or  Hangeije   1*1' 
and,  8.  W.  p.  about 

—  S.  p.  about 

—  LobKtobie  Volcano. .. 

—  N.  p.  Florea  Head,  oi 

Iron  Cape 


7  »7 
7  " 
7     9 


8  So 

8  i6 


TABLB  UV. 
Luitudu  and  LongiUidM. 


Straiu  orFlorpi,  3.  ent  Ii 
SuidBl  Wood  ]«l.,  N.  p. 

Bluff  or  W.p 

8.  eitreioity 

! E.  end 

-  PfldewKwji  or    Bu 

Btvu'd:J^W.' pi '.'.'.'. 
Nen  laliinti,  B.  pt. 

Pulo  Comba  ur  Cainbaj' 

Loinhlen  iBlaaiJ  Feak  (o: 

N.W.p.) 


P>ntnr  Island,  H.  E.  p... 
R^Bt  lalaDd.SUiiitDrAlDo 

Middle  laland,  ditLo 

Ombay  or  Mallaa  Island, 


[Jinbay  or 
N.  W.  1 

Rottoor  Rottf  IbI.,  S.W.  p. 


-N.  W.  point 

-  Tulycaon  Bay 

-  Ballo-gady 

d  I  —  poiut  neareat  Ombay 
P  —  billy,  or  Diely 

•  -E.end 

Pulo  Bntlo 


W«tter  [aland,  E.  p 

Palo    Baby,   near 

S.  W.  p 


>land. . 


Kisser  Island 

Piilo  JacJcre,    or 

Lelleelsiaiid,*w!p'. 

Roma  Island 

Lacapin-hiy  or  Lucepera 


Turtle  Islands,  pnatem 
CtTOWS  Inland,  obnul.. 

irLaut,  8.  4  W.V 
Anoe  Island,  8.  eitr.. 


Lm. 

D.  ». 

8  36S 
9,5 

.049 

749 

8  i> 

B  14 
8  10 

8  so 
8»3 

8    9 
8  i5 

10  53 
10  i3 

''4 

9  'i 

8  31 

9  14 

8  18 

e  •> 

746 

6  o5 

6  35 

741 

i  6 

8  11 
8  14 
7  4ii 

S4o 
5»5 
6  10 

8  17 

9  00 

J^^Sl 


114  rr 
193  55 
134  i3 

134  5o 

135  i3 
13534 
137  13 
133  5* 

135   30 

1)5  43 
ia6  54 


XLV.  Bomto,  Cdibtt,  lititotua,  vUh 
the.  adjaeenl  hUauU  and  SuaU,  ai/ar 
EmI  at  Aew  Gvinea. 


TaQjang  Bambar,  S.  W.  p. 

Succadnna 

i  Taojong  Taclie 

I  Pontiana  01  Lrwa  R.,  enL 
5  Point  MuTipaTa, 
i  Slackoo  Road  . . 

River  Sambas. 


109  58  E 
105  35 


Tanjong  Apee, . 
Tanjone  Daloo  . . 
BORNEO  Rc«d. 

Pulo  Teen 

Abai  Harbor 

Keene;  Balloo  Honntaln 

Point   " 


Point  Layk,  8.  W.  p. 
MACASSAR  Town,  fort 

Cape  Mandhar 

Cape  William.... 
CaM  Temoel  or  I 

—I'ii'vr'.p. 

Cape  Donda  ..... 
Cape  RJT^n. 


Cape  Coffin  . , 
Isle  Sanaa,  B,  pt  . , 
"      -  Village 


CapeTaltba,E.[it. 
Weywonn  Island,  bdoui 
Waxway  Iiland,  middle. 
Cainbyna  Istand  Peak... 

Middle  Island 

Boele-oomba  Hilt  ...,,,, 


Walter'*  Shoala  and] 
Laurel  Rocks,  limita) 

Noeaa  Sera  Islinda 

Noesa  Comba 

Shoal  off  Noen  Camba. 

Little  PuloLaut  lsl.,mi( 

M  Dresses  or  Hanevess 
latand 

Doaalder  Island 

Royal  George  SbMl. . . . 

Two  Brothers 

Great  Pulo  LaiIt,N.E.  I 

~S.  fsl.  offtheS.  E.  p. 
The  Three  Alike  Islands 

Dr^  Sand  Bank 

Tnangtp  litands,  middle. 
LittlePatemoaters,  S.  p.. 

N.  wTp. 

Pamanxing  or  Dondrekui 

(•land,  S.  p. 

Seven  Islands 


Banguey  Peak. . 


Balabu:  Island    (hill,).- 

Mannee  latands* 

St.    Michafti    Islands, 

(Bangcawang,) 

Toob-Bataha  ShoaLaeitl 


I  4481 


5  37 


"»£ 
1% 

■  34  So 


o  55  8i 
4    3 
334 


33  U 

31     57 
M   38 


m5  5o 
116  5 
1:6  i4 


117  M 


1 16  SB 

1 16  56 
"17  19 


TABLE   UV. 

Latitudes  and  Longitudes. 


Palawui,  W.  «nd 

NP 

EUgged  laland 

Cvnyan  Soolo 

Soolo  IsUnd    town* 

Takoot      Paboonoowu 
Shoal 

t'angooUraD  liluid 

BelatFD  liland   E.  p 

Tspcantani  laland,  E.  p. . 

,  Tamook  laland 

E  Mataha  laland,  S.  p 

S  Peelaa  Ulnnd,  N,  p 

I  BaUook  Ballook 

i  Baailitn  lalaad.E.  p 

E  Santa  Ctdi  Uluid 

SangbojB  or  Hare  a  Ltpa. 

Tejnga  lalaad,  N.  ex.  ... 

Catandiwtiea  laland,  8.  p. 
Cape  del  Eapirila  Santo, 
H.  E.  p.  Somur  lalaad. 
St  Bernardino  laland .... 
TWMO  laland,  Fart  St  Ja. 

Maoilla 

C«»ite 

Entrance  Manilla  Bay . . . 

■  Point  Caponea 

I  TwoSiatera  labuidi 

J  Point  Boliano 

I  C*pe  Bajador 

^  Point  Gavn^n 

Cape  Engsmto 

Mauban 

Cape  St  Udefonao 

Samboonnn 

i  Point  BaTaronan 

i  Snriafo  Vulage,  nrar  N. 

Cspa    St    Angnatine, 

a      8-E.p. 

"  Soath  Point 

Mindanao 

NegTOa,  9.  point 

^ — -  Point  Sojoton... 

Cagayancalalanda,  middle 
I  Panay  laland,  Paint  Na- 

'        •ogi  3.  p 

^  Aalaman  village 

-  Point  Potob  or  N.  p... 

Dry  Sand  Bank 

Sombrero  Rock 

White  Rock 

Cayoa  lilanda, 

-  Quinilubin    (Narthem 

lalan^W.ei. 

-Grand  Cnvn 

-  Sonthem  laland 

CaTBTO*  or  Bufialoa 

B.-taey'B  Bntik,  r>  fathoma 
Tlln  lalanila,   S.  p.,   otT 

S.p.  Mindoro 

Cdral  Shual,  W.  of  ditto, 

47 


6  M 
6  aS 
6  33 
6  4( 
6  47 
6  4i 
6  So 
6  46 
6  5j 


r4  36 

i4  38 

i4  5) 
i5  So 
r6  >7 
iS4> 
r8  4B 

lS.7 


9  5o 

934 


kk,  S.  p... 


ApoB 

-Ep 

—  S.'fc'.p.'  laiet!!!.'!! 

—  Weatoi  Great  lalet. 

—  DiaeoTery  Bank 

CoTon  Iilaiid^Ia,oSNJlp. 

Oreen  Idand 

Hayoock 

Pinnacle  Rock 

N  W.Rock 

Sail  Rook 

Buaragnon  Island,  N.  p.. 
Calav^  or  High  Maud. 
Group  of  lalan^  S.p.... 

K.  p., 

Tnrret  laland 

North  Bock 

Mindoro  laland,  8.  p  .... 
Point     Dongan     a 

Point  Calatite 

Luban,N'.pt 

Goal  laland 

Babnyan  laland*, 

fa?and' 

Fuga  or  New  Babu- 
yan laland 

Camiguin  laland. .. 

Gainapsc  Rocka  . . . 

Didicaa  Rocka 

Claio  (or  Old)   Ba. 

CalsTan  iaiand  .... 
Baabee  lahnda, 

alintaoc  or  Rich- 
moad  lalca,  N.  one 
Sabtang  laland,  8.  pt 


r  Dalnpeii 


laland,  S.  p 


:P- 


-  Grafton  or    HiA 
Round  laland.... 

"  Bayat  or  Orange  la~ 

North  Baahee,  HIghlal.. 

northetnnioat  lal. 

Gadd'a  R«f 

Cumbrian'a  Reef,  donbt- 
ful ;  probably  ijis  aai 

u  Gadd'aReef 

Little  Bote!  Tobago  Xii 
BotfilTobaEoXiina... 

Vele-rate  iGicka 

Formoaa    laland,    Bonth 


,  Oomano  laland 

I  Liaaamatula  1*1.,  S.  E.  p. 
[  XuIUBeaaey,a&E.p. 

'  :   N.  E.  p^. 

N.  W.  p.. 

a  Xolla  Mangola,  W.  end 
>  Greyhoond  Strmita ....  I 


3  i8 
3  53 

3  55 


3o  47- 


TABLE    UV. 
Luitudea  and  Longitudes. 


.Ha}«ockbUnd,offB.  W. 

p.  XalUToUjbo 

SkeltoD'iIiluuf.oiiN.W. 

Albion's  Uland 

Bouro  Island,  H.  W.  p.., 
N.  eitr. 

—  N.E.  p 

C&jeli  or  Bouro  Baj. 

AmbUw  liland 

Muiipa  Island,  Ept... 

Bonoa  laluid,  about. . . 
i  Ceiam   Island,  Seaal,  < 

I       8,  W.p 

3  —  K™.WorE.p... 
J  Waroo  Bay . 

OldLamatawFlalP.   ■ 

Sawa  Bav 

Leeuwaiden  Island,  S.  pt 

Shoal.., 

Goiam  Island 

Matlabella  Islands.. 
AMBOVNA  Island,  Fort 

I       Victoria 

1  Noeaa  Laut  Island,  E.  pL 
s  Banda  Island, anchorage. 
i  Lookisong  or  Landscape 

9      Island,  S.p 

'  Pulo  Ganes,  S.  p.  . . 

Kekik 

Pulo  PIsaDg 

Honburg's  Rocks  .. 

Bo.>  Islands 

Weedalilandi 

{Canary  Islanda,  Onnd  K. 

Efbe  Harbor  . , 

Pulo  Popo,  8.E.p... 
ButUnU     Island,     Cape 

Car«bo,W.p - 

Fialier.  Island 

Waygecooe    Island,  8.  E. 

p.,  or  Point  Pigol 

OtFikHiirbor 

Boni  Boad 

Amsterdam  laland 

f  ow  or  Fani  Island 

Gagy  Island,  N.  pt 

GeE;  Island,  N.Vr.  end. 

Syang  Island* 

Eve  Island 

Islet  e.  of  Polo  Moar.... 

Catharine's  Islands 

Canton  Packet  Shoal 

Ornisbee's  Shoal,  y.  pt.  . 
Ditto  soundinn,  IS  fath. . 
Yowl  or  Aiou  Islands, 

—  Aiou,  the  largest  Isle  . 

—  N.W.  lslan<r 

—  N.E.  Island 

_ReefN.paH 

Ana's  laUnds,  8.  W.  Isle    i 

N.E.  Island... 

Gillotoldand,  N.  end... 

—  Ussa  village 

—  Maba  Tillage 

—  Islpt  near  Pulo  Moai.. 


3o  48 

3i  44 
3i  47 


39  53 

"'  J? 
19  55 


Gillolo  Island,  pmot  en- 
tnuice  Straits  ralientia 

—  Cocoa-nut  Point,or  H.p. 
Batchian  Island,  S.  E.  p.. 

Ainslerdam  Island 

Kayo  or  Cayo  Island,  S.  p. 

N.p. 

Negory  Kalani,  N.  p 

WdfRock 

Tidore  Island,  S.  eitr... 

Mountain 

N.  E.  end 

Ternate  Island 

Tyfbre  Island 

Nfejo  Island 

Morty  01  Mottay  bland. 

(N.cape,) 

Bang&y  bland, peak .... . 

Ta^londo 

Bejoren  Island,  peak.... 
Siao  laland,  8.  point 

Sangit  Island,  S.  end. . .. 

—  Watering  place  on  the 

V/.n& 

—  N.end 

Glatton's  Rock 

Sallibobo  or  Toulor  lals. 
Kabruiuig,  S.  p. .  ■  ■ 

—  TulouT    or    Karka- 

lang,  N.p 

leatigia  or  Menangui  111. 
irang i  Islnods,  S.  p 

—  peak  on  W.  Island  . 


ri7   M 
117  34 


135  35 
)35  35 
i>5  46 


ij5  35 
ii5  3i 
1)5  43 


XL VI.  The  Coadfitm  CJU<rrO.Vta 
KJIMTSKJiTKA,  viiUi  lU  ai§acait 
Itiandtmtd  Shoalt. 


lingle  Island,  or  Chneng 

Chow 

Mendoia's  Island  ... 


Point  Cu|Mhi 

A  black  conical  Mount.. 

Breaker  Point 

Cape  of  Good  Hope 

Fort  Island 

Lamo  or  Namo  1*1..  W.  p, 

N.  pt... 

Lwnock  Island,  S.  W.  -Rk. 
The  Brothers,  southern . . 
Chapel  Iilanti 

Chin  Chew  Bay,  mid.. . . . 
Lamyet  Islands,  E.  Peak. 
Ting-hae  harbor 

BiBshsmrrbiip  Saddle  Id 
innlsraPatahecock.. 
•  WtattcDoci  9.  P.»>STI99°IM 


Il4  So 

114  54 
11507.8 
■  l5  33 

115  49 


TABLE   LIV. 
Litituded  and  LongitudM. 


CKuMQ  tiiluci,  IWhM. 

Saddle  Group  N;  1i 

'Oliio-MD  Iiland 

'  Amherst  Eocki 

'thuiK-Tuug  Pram,  &.  p. 

—  N.  p 

ipe  ZeU'Oa-Tau 

Ten-ohoo-Foo  City 

Tc1ic»-«ui  Iiluid 

Kt-iucn  Iiluidi,  northern 
Prkin    River,  anchonge 

al  Peibo  Eatmne . 
Akeite  Idaod,  &  W. 

eib.Cona 

Cape  Clonald 

Sanpon 

TernaiBaj 

SutTrea  Bay 

Cipe  Lenept 

Cutriea'  Bay 

Vanjoaa  Point 

Bay  de  Langle i 

Bky  d'Eataine 

Honneroa  liluid 

La  Dangereiue  Rock. 

Cape   Crillon,    (entrance 
Peroiue'i  Slraita,) . . . . 

Cape  Aniwa 

Cape  Lowenom 

Bay  Mordwinoff. 

CapoTonjn 

Point  Biniarin 

Mount  Spenberg  or  Ber- 

Point'MaloSik/ 

Cape  Alexander  Dalrym- 

pie 

Cape  Boinaonoff. 

Rirer  Neva,  entrance ...  ■ 
Ouir Patience,  N.  p.  .... 
Robber     [aland    Reef, 

N.E.  p. 

—  8.  W.p. 

Cape  Patience 

Cape  Billinghanaen 

Mount  Tian 

Cape  Ratmanoff 

Cipe  Croyere 

Downa  P<Hnt 

Shoo] 

Want  Point 

Cape  Klokalachef. 

Cape  Lowenatem 

Cape  Eliiabetli 

North  BajT 

Cape  Mana 

Eiipenberg  Peak 

Ciqie  Qoloirgtaeheff. .... 

Cape  Rombers. 

Cape  ChaToroff. 

Jonae  liland 

Ocholak 

BolebeteMi.'!'!!!""!! 
C.  LopMka,  Kamtakatka 
Bl  Peter  and  St  Pan], 


49  35 


36  3o 
36  44 
Ml  3o 


143  3o 
i43  40 
i43  i4 
i43  33 


144  46 
i44  a6 
143  37 
■43  S3 
■  43  43 


i  i6      i4j  3? 
i  17      i4»  i« 

14     i4»  5o 


M  3o 
:56  5o 
56  40 
58  44 


Shipnnskey-noaa,  Cape 
Niajui  Kamtakatka.... 
CapeTachulkoLakoi... 

Eut  Cape 

Cape  Serdie  Ksmen.. 
North  Cape 

Fonnoa*  lalond,   B.  oape 
— — — —  N.  W.  point. 

N.  E.  point. . 

Lamay  liland 

Pehoe  or  PeHradore  Idea, 

Bouthern  limit 

High  M.,SW.  limit 

Pachan  Itland. ... 

Northern  limit. . . . 

IVeblelaEp.... 

ditlo,nme  feet  reet 

Fat^hoff    or   Madjicoae- 

mah  Islands, 

Southemmortlaland 

Bluff  Point,  W.e«. 

Great  Island 

Kumilaland 

Eaitern  Iiland,  Ty- 

Proridence  Reef... 

Lev  Cliew  Ulanda 

Great    Lew  )  From 

Ch«w,  S    To 
ditto,   adjacent   lal- 

—  {Ve^rnliii^d!!!! 

Hoapinau  liland 

Ty-ao-yu-BU  laland 

Sulphnr  Islet 

Island 

Oouma 

Gmup  of  seven  lalaoda,  ( 
Umiu \ 

Pinnactf  Islands 

Ormsbee's  Peak 

ARook 

South  lilond 

Gotta  Island,  B.  end  .. 

Quelnaert  lilan'd,  9.  p. 
Eiuiin  Island, 

Cape  Tschirikoff. 

Cape  Donvrlle... 

Cape  Nagaeff. . . . 

Mount  Schubert . 

Monnt  Homer,  peak 

CapeTacbitacbaroff, 

B.p 

CapeTache«ns,W,p. 

Cape  Kajtul,  N-  p.  . 

MountUnga,Tolrauio 

Nangasoky  botbor, 

entrance 

Cape  Nomo,  S.  p.  of 

Bay  Nan 

Cape  Seorote 

"  ■       Island,  N.  p. 

lsl.,(mid<fe) 


D.  H. 

S3    6N  It 
S6  i6 


13  19 
i3  39 

a3  3i 
i3  18 


U  17 
>4  35 


i5  47 
i5  5? 
17  5i 
14  40 


19  5i 
19  40 
36  45 


3>  35 
3i  58 
3.1  41 
3o  14 


TABLE  UV. 

Iiuiludea  and  Longitudes. 


Voleano  Iiltud 

SeriphM  laluid i 

Apollo  Island 

Julie  Idiad 

St.  Clure  liliutd 

SymptegadM     Iilaodi, 

N.E  p 

-S.  W.p 

MeicSiau  I«l.,  S.  W.  p.  3 

N.  E.  p.  ' 

iihcls  Aoclu 

TiiuIiUod,  8.  end.. 

—  Cape    Fida-Buen- 

^^nVd::::::;: 

ColiKtt'a  laUnd  .... 

Dwelet  Island,  N.  E.  p.. 
!  Niphon  Island, 

'  •S.p 

I  Cape  Koto  .... 

I  A  Rook 

•  Jootii-Bima  . . . 

Jedo 

Cape  Kennb  ■  i 

— -Zach'i  Mountain... 

RuHUo'sPromoDto- 

tj,  a.p 

— In. £.  p 

Town 

Cape  Oamallj  . . 

Peak  Tileuua. . . 

Cape  Oieif  .... 

•  Cape  Sangar,   (ent. 

Stiaita  or  Sangar,) . . 

Onnu  Island 

Kosima  Island 

Okosii  Island,  (middle,)  . 

Jesso  Island, 

Cape  Nadeahda,(e9L 

of  StraiU  of  Sangar,] . . 

■  Cape  Sioeko 

Matxama;  Town . . , 

Cape  Oota-Niiawa .  i 

Cape  Kutnsoff. . 

Cape  Bajlen 

Cape  Okamij,  8 

Caps  Taka-sima . 

Monnt  Humafiiky  . 

—  Cape  Maleipina 

—  Cape  Bchuchkoir  . . 

—  Pallas  Mountain  . . . 
Capo    Romanioff, 

N.P 

Cape  Soja 

.  Cape  Shsep 

Peak    de    LangV,   Rios. 

chery  Island j! 

Cape   Ouibert,   Seifuns- 

olierj.N.  E.  p 

lenrire  Island .... . 

JanikesKri  Island 

Staten  Island,  8.  W.  en 

Capo   Vries,   (Vrif 

Slnuts,) 

Company's  Island, 

—  Capii  ShoDten  .... 


3o  44 
3o  M 
i3o  t3 
1954 


:39  48 
40  11 
t4a    6 


;4o  a 
1 33  53 
140  4 
13946 


i4i  17 
r4i  11 

147  18 

14943 

i5o  58 


Marikan  Island,  N.  end. 


scheS*  Istuid  Peak 


a.  end,  (Boutole  8U. 

SarvtscheS*  Ist      '  "    ' 
Raakok  Island 


Island 

Trap  Rocks 

CharamukataD   Isl.  Peak 
Faromoschir  Island,  9.  p. 

Peak  Fuss,  (S.W.p.) 

E.  p 


XLVn.    JVnfF  HOLLAND  md 

adjaeml  Iilimdt  and  Stool*. 


Pedro  Btanco,  (Rabriok,) 

Sonth-west  Cape 

Mew  Stone 

South  Cape 

F'ddystone 

aidmouth's  Rock 

Tasoum'sHead 

D'Entrecasteanx's  Chanb 

Adventure  Bay 

Frederick  Heniy  Bay  . . . 

Cape  Pillar 

Oyster  Bay 

SL  Palriok's  Head 

Cape  Portland 

Port  Daliym  pie 

Circular  Head 

Cape  Grim,  N.  W.  prom. 
West  Cape,  or  Sandy  Ft. 
Maoquane's  Harbor.... 

Roc^  Point 

Port  Dayey 

Ent.  to  Banks's  Straits. 
Fuineaui  Islands, 

Barren  I»l.,S.E.ei 

Clarke'*  Isl.,  8.  ei 


«  37 

43  46 

4340 
a  5i 

«  46 
43  30 
43  3i 
43  17 
41  58 
43  .. 


of  Great  Island... 

Endeavor  Ro<^ 

Kent's  Group  Light. 

The  Pyramid. 

VFaterhouse  Island.. 
Hunter's  Islands, 

Black  Pyrainid, 

Albatross  Isl^. 

King's  Island,  0. 
W.  ent.  Bass's  Straits 


iilcWi39  35 


Port  Philip,  Pt  Nepcm. 
Western  Port,  Phillip  L 
Wilson's    Promontory, 

S.ell. 

Ram  Head 

Cspe  Howe 

Cspe  Dromedary,  Bit  -. 

Jerris  Bay,  N.  pt 

Red  Point 

Botany    Bay,    enlrana 

(Cape  Banks,) 

Poit  Jackson,  entrance. 


39  38 
3937 
3930 
3949 


39^3 

38  5i 
38  18 

38  37 

39  8 
3?  39 
37  3o 
36  16 


TABLE  UV. 
Latitude!  tnd  Longitudea. 


Brnkm  Bkf 

l>ort  Sleplieii^pt... 

C&pe  H4wke i 

Suioky  Capo 

Solitary  Isl&ndi 

Cape  Byran 

-  ^-iMDtager 

oalioff  <UUo. ... 

C  Cape  Morion   

i  Shoai,  DryRookB... 
a  Sandy  CftpeSL'l.en.  rook 
a  GroupC&prieom.N.W.  Is. 
^  KeppelL 

Burier  Heef,  S.  eiln 

Cape  Towiuend 

Cape  Palntenton  .... 

Cape  Hillaborough . . , 

Cape  Conway 

Cape  QlouceHer 

Cape  Clereland 

Cape  Sandwich 

Cape  Grnfton 

Cape  flattery 

Cape  York 

NewTw'i  Uland... 

Von  Diemas'i  Cape. . 

Kedliland.oS'P.  Vul 

Miiutrel'i  Shoal,  N.W.pt 

Orqyhoand  Shoal 

Clarke'a  Reef,    north  of 


Baatern  Roaemary  lala; 

N,E.p , 

Western  ditto,  N.  p... 

Doubtful  Shoal 

Piddington'i  Ulanda.... 
Shoal  (land  of  N .  Holhind 

heod) 

North -weat  Cape 

Dirk  HartngB  Koad,  ent. 

toShuka^Bay 

Houtiaan'a   nr     Abmhloa 

Shoali,  N.  L 

Rottenest  Iiland 

Cape   Leowen  or  S.  W. 

Cape,  B.  pt. 

CapeChalhani    

Cape  Howe 

:  George  IlL  Hurtor 
t  Hood,  Rooka  oH... 

Termination  laland 

EndeaTOT,  amall  island . . 

Port  Lincoln 

Nepean  Bay  

Caps  3»Bk JO  30 

CMotUmintwrlaiid.Bwilijoff  36  07 


S3  16 
53  38 
53  3. 
53  39 


46  59 
46  19 
45  57 
45  iG 
41  33 
33  o3 
3o  iS 
j4  18 


1 35  55 
137  55 
3940 


'  p.  M.      D.  H. 

[Ah'm.tskia  talandi,  I 

I westernmo»t,W.p.5l  5aNl|73  !l4E 

i Ounalaablw  ....-153  54    '.66  3» W 


Bank  (64  falhonM) 

Rica  de  Pbia  or  Crenm. . 

Reef 

Island 

Weeka's   Reef,  SC  N.  E. 

andS.  W 

Island 

Gangea  laland 

Bank  oTSoundiiun 

Island 

liland 

Inland 

laland 

laland 

Roca  de  Oro 

Island,  Rica  deOro 

laland 

laland 

IsUnd 

Cnluno*  Island 

riilto  (another  account) 

Iiland 

PaUiKlinio  laland 

Dlaajipointnienl  Island  .. 

BoBsioso*  Island 

laland 

Reef 

Copper  Island 

Tree  island 

Lasker's  Island 

laland 

taland 

Re*f 

Bishop's  Rock 

North  laland 

laland 

Grampus  laland 

Sulphur  laland 

Kendnck'a  Rock 

Marcus  Island 

Weeka'i  lahind 

Deiler-a  laland 

Island 

Reef 

Jardiiie 

Parel  or  Peru  laland  .... 

Abregoes  Shoal..... 

Beer 

Dou^aaReer 

Lamm  island 

Island 

Biahop's  Rock 

Weeks's  or  Wilson's  Isl. 

Reef 

Halcyon  Island 

Folffer's  Island 

ReeT 

Tarqain  laland 

Reef 

laland 

OuyBock 

Urracaa,  about 

AssumptioD  Island 

Almann  Island 

Bird  Island 


^9  54 

39  33 


36  o3 
i5  53 
iS4> 
5  3o 


14  48 
14  35 
14  16 


TABLE    UV. 
liUitudeg  and  Longituden. 


Qvain,  UoMtac  Bkj . . 
Rodaok  chain  of  ubiidf, 


Kivea    ffnmpi   33  miles 
N.  W.  •nd  S.  E. 

—  Ankiheef      Iilud, 

(IirgertiiUnd,).... 

—  Soathem  Island 

'  ialandi,  N.  W. 


8.9 

8  54 


group 
Eregup  . 


E.    24    miks, 


K 


ofe5islandB,E.s 
30  miles,  and  10  mileB 
wide,  eaclMing  ■ 
13  miles  wide  uid  87 
iniln  Ions. 
— Otdia  la&nd,   ea 

(anchorage,) 

IjCffiep  oi  Hsydeu  group 

Ai^n    gtoap,     15    milei 

long,  5  milea  wide, 

—  Krurenstern  Cspenina 

laluid,  (northern,)  ,  if 

tale  Du  Noiivel  An i' 

KutiMoffor  Udirick  noup, 
wpareted  by  a  channel 
from  &  Routhcrn  group 
called  Baavoroff'or  Ta- 
ixtending  H.  and 

—  Qiannel  . . . 
Oroup  south  of  KutoaoB*, 

Mille  . , 

Medjur 

Bigar,  nmth  i^  kutarcff.  i 

Pescadorei  Isli,*  eastern,  i 

Raliek  chain  of  islands 
extend  nearlj  S.  and  S. 
abouL  one  decree  west 
or  the    Radock    chiin, 

.   Ebon  group 

;  —  Noiniureck  Islimd 

!  Kuli  gionp 

I  HpIuI  group 

'  OdJH  gronp 

I  Namou  grouii 

-Lite!  Island  .... 

-  Tebot  Island  . . . 

'  Qoidelon  group 

Oudia-Milai  group... 

Rado^la  group 

Bigini  (northern).... 

Johannes  

Lion's  Iiluid.^ 

8t,  Andrew's  Islaod.. 


5  5o 

5  3o 

6  4o 

7  3o 


PnloMariere 

Lord  North's  Island 

OaogeB  Bboal,  S.  W.  p. . 

N.E.p... 

Helen's  Shoal 

Freewill  or  St.  Darid'sC 

Pelcw  Islands, 
-•  Baubelthouap,  E.  p... 
—  Nortbernnust,    Kyon- 
gie 

—  Large  Beef,  part  dry. 

—  Southenimoat,  Angonr 

I  Hatelotei,  N.  eztr.  

.   — — Southernmost 

;  TaporHnnter's  Isl.,N.  p. 

I  -1 :8.p. 

i  Philip  Islands 

]  Thirteen  Iiland^  B.W.  ex.    7 
'  Haweii'a  Island  . . 


3    J      i: 


8  8 
8  iS 
6  53 


L  Islands 

J  Islands 

J  Hope's  Isluds  ,., 

4  Baring's  Islands*. 

,  Tejott  Island , 

*  ProTideDce  Islands . 

5  DiUa 
Brown's  Range, 

-Arthur's  Island,  N.. 


5  l8 

6  17 
5  l5 

5  35 

6  6 
9  3d 
9  So 


170  07 
16737 


Catharine's  Island 

Arrefflfe's  Island 

Mosquito   group,    low  ( 

ana  dangerous ( 

Peterson's  Island 

Chatham  Island,  E,  pt  .. 

Beef 

Calvert's  Islands,  a  exir. 

lUielHu's  Islands 

Elmore  Islands,  a  I  .... 
Mulgrave's  Islands,  midls 
Banham's  Island,*  E.  pt,, 

Cook's  Island 

Hall's  Iskndt 

Reef 

Pitt's  Island,*  N.pt.... 

Matthew's  Island* 

Simpson's  Island 

Macosgill'a  Islands 

St.  Bartholomew 

Comwallis  or  ftnjth'a 

Wake's'island*!!'.!!!! 

Lauiira,  W.  pL 

Caspar  Island 

Caspar  EUco  Island  .... 

W^e's  Roeka 

St.  Peter 

Baibadoe 

Krusenitem's  Rook. . . . 

Necker  Islandt ;: 

~      ch  Frigate's  Shoalt. : 
SHl^blaoBiisistSa 


o  3o 
6  ti 
iS  10 

16  5o 


TABLE   UV. 

Latitudes  and  Longitudei. 


Luiuuk/'i  Idand  . . 

Owhybee,  N.  point* 

E,  point  . 

S.  point., 

KuafcnkMBay 

Mow««,  E.  point" 

W.  pinnt 

Tshoorowa 

Raiui,  S.  point 

Moroloi,  W.  point    

Wodioo«H.pt 

Altoi,  Whymoa B>j  .... 

Tihoors 

Oneeheow 

Oreetaoua 

Bird'i  lilvid* 

Gardner'!  Island,  diiear- 

ered  1830 

Haro'a  Beef,  ditto 

Galleco  Itland 

Chriatnuu  or  Noel  Island 
Sidney  or  Faanios'i  111. 

Iiland 

NewToik  Uland* 

CocoH  iBlanda,  or  Chat- 
ham B*v 

Pahnvra  Idand,  S.  pt 

Island 

Barbary  Iiland 

Reef 

CUppeitan'ii  low  lilui 
Haouel  Rodrifniea  ■  • . 

liland 

liland 

Shoal 

Shoal 

Cluatei  of  lalanda. .  ■ . 

[■land 

PtaaioD  Rock 

Comwillia  Island. . .. 

NewBlada 

Clarion  Island 

Iiland 

Shoal 

Soeora  laland 

Wilson's  L  

StBeoedicto 

Freiihirttt«r 

RocB  Faitida 

Mallan  Island 

Cloud's  Island 

Copper  liland 

Island 

Shovel    Island 

MasaachuMtIa  Island . 

Hende^nVsiand!!!! 

another  account. 

Gardner's  Reef , 

Holland's  Island 

Allen's  Reef 

Cooper's  Island 

Haro's  Reef  W.  pL  . , 
Island 


79  »8 


i63  54 


i65  33 

■4  57 
3t  43 

76  3o 

19    14 

76  36 
1&7  4i 
]B  6 


67  5t 
3i  35 

70  46 


Uid. 
Albemarle   Island, 

N.pt 

S.  W.  Pomt  

James  I.  Hk'y^ 

Charles  Island,  S.  p.  . . . 
Chatham  Island,  N.  E.  | 
SLephen's  Bay.... 


Laynn's  Island 

Liscanskey'i  Island.... 

Neva  Island 

Maro's  Reef,  K.  pL  E.  . 

Island  and  Rock 

Pearl  and  Kermes  group. 

Clarke's  Reef,   GO  miiea 

N.W.andS.  £. 


Lot. 
O.  M. 
>5  3oN 
iS  46 
16  o3 
>5  54 
rf  19 
16  14 
»7  43 


n.  M. 

74    3W 

17"  54 


Island  . . 


sHill.. 


■  76  5o 
178  95 
..8  49 


Culpepper's  Island.. 
Wennum's  Island... 
Rednndo  Bock  . 


Abini 


Island, 


New  Guinea, 

—  Middlebarg  Island  ... 

—  Cape  of  Good  Hope.. 

—  Flat  Poiot 

—  CipeValslie 

—  Cape  Rodney 

—  King  William's  Cape. 
Toneaor  Endeavor  Straits 
Eastern  Fields  or  Reefs, 

N.  E.  end 

—  N.  W.part 

Hurray's  Islands 

Wsmvai or  Darnley  Isl.. 
Pandora's  Shoals,  N.  p... 

Wreck  Reef,  S.  p.  . 

PorllocfS  Reef....    . 

ent.  Torres  Strai 


Halfwaf  Island  . . 

Booby  Isle 

Yorklsiand 

WeitL   

Pnnee  of  Wales's  U. 

8.pt. 

Kangaroo  Coral  Reef. . . 
Providence  Islands, 
Little  Providence  0( 

Danger  Island 

S.  W.  eit  of  Shoal 

off  ditto I  o 

Louisiade  Isles,  I 

Canr  Deliverance.  .1 1 

Stephen's  Island 0 

Durour's  Island . 


TAfiLB  LIV. 
Ltliiudu  and  Loagitudea. 


Adminltf  IiIuid,Tt.N.( 

limit* ) 

Sydnej  Shod 

*-'■■- 1  Firrt  Reef,  (dw. 
pd  ItJll ' 

Hew  Iretuid, 

—  C>pa  St.  Qeorn 

—  Ckrteret'i  Hubat 

New  Hinover,  W.  end. . 
New  Britain, 

-Cape  ftlVuet 

-CapeOrfurd 

-  PoK  Monttfue 

-SoathCftpe 

CncM  Iduiib  . . , , , 

lalt   W.   of  Bougan- 
'ille'i  Slnit 

Bau£inville'i  Stnit. . 

L>u|[hlui'i  liluidii,  8.  E. 

Bridgewater  Shin].. 
i  Cufe  Deception  .... 

»  CRpe  Nepean 

I   C«pe  M«nh , 

'  rerance,  aDull  IilKodi  ic 
ipenHbb    Btnit,    S. 

i   ildlaniVti^d!! 
!   Bellona  BIumI  . . 
Pandon  and  Indiapeiua- 

bleShod.N.p 

S.p 

Welli'i  Shoal 

t  PTMlin 

wart'*  IiUdd 

*  Shoal 

■  IilarSfT!^!!! 

8luuili-|  liluid 

Rlaney'a  Island 

Dundiu  liland 

DnitnmoDd'a  liluidt.. 

~     an'a  liland 

.■elilind 

St  Augunine  Iiland*. 
Shereon'i  Island 

CTOUp'tr.W.ODB.     I 

■  group,  8.  pt  . 
Plukett'ir«1>nd...r... 
Independence  laland... 
MitcbeJI  Island 


Bndley'a 
l.*rd  Hov 


m 


Onas 


>i  Hunter'*  1*1. 


Gingi.^  Iiland. . . 
SlfWdTl'*  l*1uid.. 

ntor  Sanla  Crui  III. 


Cape  BTTon  .. 

Cilt'a  or  Alderaef 


Iderae^  laland  ti 
Ciierrj  UUnd. . 
Volcano  laland. 
iVIitre  laland... 
Bnrwell  laland  . 


5»  55 
5a  46 
t49  So 


5d  3o 
4(48 
S6  So 


76  59 
76  6 
1-76  33 


168  4>> 
166  So 
>66  43 


Sir  J.  Banhi'*  hUnd .... 
E*piritu  Santo,  Cape  LU- 

Cape  Cnmberland . . 

Bay   St  Philip  and 

Bt.  Jamea 

Cape  Quito* 

Lepar'*  Iiland 

Maikelyne'a  Iiland  . 
Mallioolo,CapeSandi 

Port  Sandwich 

St.  BartholnmeiT'a  laland 
Aarora  laland,  y.pt  . 

Table  island 

WhitMinlide  Island.. 
Ambrjrm  Ialand,B.pt. 

Paoom  Island 

Three  Hilla 

Aj'ae  Island, N.pt.  ... 
Slie.'pard'a  Island*. . . 

Monument 

Mnnlague  Iiland  .... 
Hinchmgbroka  Island 
Sandwicli  Island,  S.  &  pt. 
Erromango,     Traitor' 

Head 


,317 

i5  4i 
i4  43 

■  S  to 
t4  56 

■  5  i3 
16  3i 
16  38 
16  35 
i5  4> 
i4  56 
i5  38 
i5  >K 
iG  i4 

16  16 

17  i 
■6  36 

16  58 

17  o 


t  Besolntloi 


Enalum,  W.  pt.  .. 
Durand'sBeH'. ... 
Walpole  Island*.. 
Matthrw'i  or  H 
Island*  Rock.  . . 


Diana'*  Bank,  abrml  . . . 

BougaiDTille's  Reef*  . . ! 

Alert'a  Reef. 

Uellisb  Reef,  und  oay.. . 
Bamptoii  H'-Bf,  N.  pi. . . . 
Avon  Island,  !1  W.  iaUt. 
CheeEi^rfieid  O.  Loi.p  Is* 

N.  W.  point  o(  reef. 

Ballon*  Rerf,  Booby  R.,  1 

W.  Hn. 

—  H.hi.rnofN.W.Re<>f|: 
Uinerra's  Shoal... 


Barit^^*  Shoala  . . 
landy 


Sandy  Islanil  . 

I  Reel^  S.  [It. , . 

Saumares  R.H,E,  sand  cay 

Small,  low,  wuudy  Island. 

Huon  Island 

RerC.  about 

M.W.P 

BalleaUa  laland 

I'adyooB,  N.  W.p 

Ospe  Colnett 

Cape  Ooronatioo 

Qu.  Cbu-lotle's  Foreland 
•■    of  Piaeg 


•  •■*  TaUa  OB  HBfa  4S1. 


TABLE   UV. 

Latitudw  utd  LonKiiudea. 


I     lull,  a.  p 

Port  St.  Viacent.. 
LojrtltJ  IiUud  . . . 


Wreck  R«er,  Weet  cay . . 

Calo'i  I.  uid  Buk 

Reef 

Reef 

lUy'iliUud 

Re«r I 

Sir  C.  Middleton'i  Iiland  3< 

MiddktoD'iShoali.. 

EUnbeth  lUef*  If .  E,  pt.  » 

Iilsnd ....  ' 

LordHowi 

Norfolk  liland,  (Ml.  Fitt,}  a; 

RoMvatU  Reef. '"' 

North  Cape 

Capa  Bren 

GapeColTilto 

M«reur;Ba; 

CapeEaat 

TolacaBair 

■  Table  CaM 

a  Cape  Ridoappen 
_  Cspe  Turnagain 

I  Banki'a  litand,  E.  end  . . 

4  Cape  Sianden 

J  Holincaiu  Harbor,  IT.pt.  d< 
V  The  Snare*, £.  one.  ....  " 
'^   Knight's  Inland 

Cape  Soutb 

South-weet  Baj 

Solaoder'a  laland 

Weit  Cape 

DuBky  Baj,  N.  pt.  eo. . . 

Open  Baj 

Cape  Foulwealher 

CapeFarewell 

Queea  Chulolte'i  Boand  4: 

Cape  CaiDpoell. . 

Cape  Paliber 

Cape  Eimonl... 

Gannet  Iiland. .  ■ 

Macquarie'f  I>[aiid*S.pt-? 

The  Judge  and  hii  Clerk  ! 

The  Bishop  and  bin  Clerk  5! 

Auckland'!  group*8.cape.  5( 

Campbell',  fsland. 

Boiintj  lilaoda.    . 

Antipndei  Uiai.< 

Chntham  Uluid 

Cr.ti>w"m> 'iVlanda 

Manauley  lilond 

Sunday  lilood 

Nicho)M>D'aSbonk....< 


,  Cape 


■66  So 

i65  55 
i66  3o 


i6o  3i 
i58  53 
i59  U 
i6u  it 


■  75  43 
nS  4o 
178  36 

17a     7 

'77  9 
176  43 
173  i4 


167  3i 
167  "5 

166  54 


175  II 
17339 
.743. 
■  59^9 


179    7 

179    a 

176  MW 

175  37 
17S  39 

,7813 

■  74  56 


Solitary  lalaod  .... 
Duke  of  ClareDCp'aUandl 
Duke  ofYorkaJsUndt 


LirtUoua  island 

B  Istanda...  | 

Willi*  Islandt 

Proby's  Island 

Gardner'!  Iilsnd 

Keppel'!  lalund 

;   BoKswen's  laUnd 

I   Navigator's  Islands, 

'        -  Opoun,  E.  p 

-  Leone,  S.^ 

-Tanfoue,  Wjl..... 

7  Hionne,  S.  ET  p-f .. 

I  Oyola*a,  S.  K  p  . . . 

-OUtuelnh 

,N.  p 


'  Ul« 


Plot. 


VavaoD  (Howe's)  IsUr.d. 
Lati  or  Bickerlon  laliuid. 


Toot 


.4  10 
.4    3 

14  3o 
J3  4S 
i3  5> 

17  56 

18  39 
°  49 


..|.. 


HaanhO 

Bonhee 

A  nnainoka 

Hoongn-hapee  ■  ■  ■ . 

Tongs  taboo, 

Van  Dieman' 

Enaa,  R.  p 

FyUlaart's  Iiliuid. 

[N.E.pt 

Pearl  and  Hermes  Reef,  r 
King  Oeurge's  Reef. . 
Palm^rstnn  liUnd  .... 

Whytoolaeke 

Herrey's  Island 

Maria  Island 

Mangea  laland 

Roxburgh  Ulands.... 

I  Scilly  Island 

LordHowe's  Island  . 

ilsland 

'  Bolaboia  Island 

Ulielea 

-  Ohameneno  harbor,  il 
Huaheine,  Owharre  Bay. 
Sir  C.  Bandurs'i  Islsnd. . 
,  (Taloo  harbor  J  ..  r 

Tethuroa i' 

Otabeite,  Point  Venost..  i 

Oailipehi  Bay  . . 

Oaoabarg  or  Uiatea. . 

PTinQeofWalesIil.,N.p.  I 

PalliKr'!  Island 1 

Chain  Island 1 

Duke  of  OloucsBter  la.  £J.  3 

Obeliroa 1 

Rcmitora  bland 3 

Toobouai 3 

High  Island 3 


Byron's  Islands, 

Tiiouitu  IsUnd.... 

DtsappoiDtiupnt  Isluid** 

jlAdTtnlure  Isluid 

bl  Furncaui  jstuid 

J .  ReBolution  Ulind*  S.  £. . 


Bird  Island 

Bow  Island 

Prince  Hunty's  Island.. 
Cumberluid  lsliind,S.E.pt 
Glauuester  IsUnd,  K.E.pt 
Queen  ChirlotLe's  Island 
WliiMundaj  Island  . 
Lagoon  Island 


Osnabure  Iglnnd,aW.pt 
Bligir*  Lagoon  Island. . . 
Corysfoot  liilan[i,N.E.pL 
Lord  Hood's  Uland... 
Gambler's  Island,  mt  . 
Creiwenl  Island,  8.  pL. 

St  Juan  Baptists 

fitcairn'a  Island 

Of«ro  Island 


Nukahlwa  Isl.,  (Federal,) 

—  Port  ToehiWcbagotf. . . 

—  Porl  Anna  Mnna,  eni 

—  Cape  Martin, IJ.  E.  p.. 

—  N.W,  »bt!"l!!."! 
Uahuga  Island,(  Washing- 
ton Island.)  W.  p 

Uapoa  Island,  {Acfams,). 
Level  Island,  (Lincoln,). 
Mottauity  Islands, (Frank- 
lin,). . 


Hisa  Island,  (Knoi, 


Ik,).. 


Hood's  Island 

Hiva-Oa,  N.  pt 

Ohitahoo,  Resolution  Bay 

Onatcaya  Island.... 
Magdalena  Island... 


>  Island.. 


Marc 
Islan 

Brocks  Island 

Island 

Hero  Island 

Island 

ABock 

Pennryhn's  Islsnd,N.pt. 

Tienhoven  Island 

Oroninrue  Island 

tteirsen  s  Island i 

Humphrey'*  Island  > .... 

A  Reef. 

Pescado  Island 

Roggewein'a  Island.  . . .. 


TABLE  Lrv 
ijatitudea  aod  Longitudea. 

D.  H. 


4o37 
38  it 

38  36 
38  43 


39  4i 

40  6 
30  3a 
39  44 
3949 


ChaineduRarick,N.E.p.  < 


'Hokea.  Ounu..- 

Isle  des  ChicDS* 

Isle  Romanioff. ..  > 
Isles  de  Km 

stern,  extend-  I 

inff  N.   N.  E.  } 

ud  8.  B.  — 

15  Ill- 


Island 

Island 

Elizabeth  Island  . . 
Island.. 


nstroi 


Island  . 


Anderson's    Island, 

Eliiabeth  Island,)T(r.R.p. 
Ducie's  Island,  N.Kpt... 

Island 

SL  Ambross  lalfuid  N.  pL 

S.  pt  ofSt-Felii..- 

Gnj  s  Isbnd 

Bates  y  Gomei 

Easter  Island,  Peak. 

Island 

Group  of  Islands 

Hassaraera 

Juan  Fernander,  8.  W.  p. 
E.p.... 


NEW   SOUTH   SHET- 
LAND. 
Clarence   Island,  Floyd's 

Promontory 

—  Cane  Bowlei 

Comwallis  Island 

Seal  Islands 

Cape  Valenlitie 

Sarah  Island 

Obrien's  Islands 

BridgenMn's  Islands  .. 

Cape  Melville 

SberifT  Cape 

Ditto,  (anotber    < 

Tankee  Straits 

Ragged  Island 

Ditto,    (annther    ac- 
count,)   & 

Dittcthehoibor,  (by 
another  per         '      ' 
New  Flvmonth. . 
Monroes    Island,    Presi- 
dent's Bay ' 

Castle  Rock,  (W.  of  Mon- 

e'sIsUnd.) 

nt  Pisgah 

Ditto,    ' '-—    " 


63  46 
61  5o 


»",).. 


TIDE  TABLE  FOR  THE  COAST  OF  THE  UNITED  STATES. 

[PROU  THE  UNITBD    STATIS  COAST   SURVEY.] 
ATLANTIC   COAST. 


Mai^ori  ia  Loitg  Island. 

EastportiMe 

Hunniwelt')  Point.  Kennebec 
Rivet,  He. 

Portland,  Me 

Ponsmouth,  N,  H 

Newbuiypoct,  Mass 

Rockporl.  Mass 

Salem,  Mass. 

Boston  Light,  Mass 

Boston,  Mass 

nouth,  Mass. 

WellBeel,  Mass 

Piovincctown,  Mass 

Monomoy,  Mass. 

Nanluckel,  Mass 

H)'annis,Mass 

Edgarioffn,  Mass 

Holmcs'sHole.Mass 

Tarpaulin  Cove,  Mass 

Wood's  Hole,  Mass.,  (north  side) 

Wood's  Hole,  Mass.,  (south  side) 

Meneinsha  Bigbl,  Mass. 

Quick's  Hole,  Mass.,  (north side) 

Quic:k's  Hole,  Mass., (south side) 

Cutlyhunk,  Mass 

Kettle  Cove,  Mass 

Bird  Island  Light,  Mass 

New  Bedford  entrance,  (Dump- 
ling Rock,)  Mass. 

Newport,  R.  I 

PoinlJudilh,R.I 

Block   Island.  R.  I 

Montauk  Pt.,  Long  Island,  N,  V. 
Long  ItUutd  Snatd. 

Watch  Hill,  R.  ! 

Sionlngton,  Conn 

Little  Gull  Island,  N.Y 

New  London,  Conn 

t  Haven,  Conn 

Bridgeport,  Conn 

Oyster  Bay,  Long  Island,  N.  Y.  . 

Sand's  Point,  Long  Island,  N.Y. 

New  Roehelle,  N.  Y 

Throg's  Neck,  N.  Y 


Interval  be- 
tween Moon's 
Transit  and 
High  Water. 


Rise  and  Fall. 


9  a 

3  S 

a  5 

9  6 

6  6 

a  6 


Mean  Duration  of— 


5  i6 

6  17 


6  i6 
6  25 

6  33 


631 
63? 


TIDE  TABLE  FOR  THE  COAST  OF  THE  UNITED  STATES. 
ATLANTIC  CO^jr— Continued. 

Interval  be- 
tween Moon's 

High  Water. 

I  III 


Nevt  Yerk  B<^  and  Httdton  Rivtr. 

Sindy  Hook,  N.  Y 

New  York,  N.Y 

Dobb's  Ferry,  N.  Y 

Tarrytown,  N.  Y 

Vorplanck's  Point.  N.  Y 

West  Point.  N.  Y 

Poughkeepsie,  N.  Y 

Tivoli.  N.  Y 

Stuyvesant,  N.  Y . 

Castleion,  N.  Y 

Greenbush,  N.  Y 

Coast  of  New  Jersey. 

Cold  Spring  Inlet,  N.  J 

Cape  Hay  Landing,  N.  J 

Dilaware  Bay  and  Jliver. 
Delaware  Breakwater,  Del.  .  .  . 

Higbee-3,  Cape  May,  N.J 

Egg  Island  Light,  N.J 

Mahoa's  River,  Del 

Newcastle,  Del 

Philadelphia,  Pa. 

Chesapeake  Bay  and  TriAutariet. 

Old  Point  Comfort,  Va. 

Point  Lookout,  Md 

lapolis.  Md 

Bodkin  Ught,  Md 

Baltimore.  Md 

Wasbinglon,  D.C 

James  River,  (CityPoint.)  Va.  .  . 

Richmond,  Va 

Tappabannock,  Va 

Coasts  of  North  attd  South  Can^. 
Una,  Georgia,  and  Florida. 

Hatteraslnlet,  N.  C 

Beaufort,  N.C 

Bald  Head.  N.  C 

^  nilhville.  N.  C 

ilmington,  N.  C 

Georgetown  entrance,  S.  C.  . 
Bull's  Island  Bay,  S.  C.  .  .  .      . 
Charleston,  S.C.,  (Custom-house 

wharf.) 
Si.  Helena  Sound,  S.  C  ... 
Tybee  Sound,  Ga.,  (Fort  Pulaski) 


o  43 
o  44 
o  58 


3  33 

4  ag 

5  23 


7  5*^ 
7  16 
7  36 


S  33 
5  54 

5  37 
S  H 


TABLE  LV. 


TIDE  T^BLE  FOR  THE  COAST  OF  THE  UNITED  STATES. 
A  TLA^TIC  COAST— CoKCmMcA. 


Mean  Duration  ot 


Coasts  of  Nartkimd  South  QuvHim, 
Georgia,  and  Florida — Cont'd. 

Savannah,  Ga.,  (Dt7-dock  wharf) 

Dobof  Lighi-houie,  Ga. 

St.  Simons,  Ga. 

Fort  Clinch,  Fla. 

St.  John's  River,  Fla. 

St.  Augustine,  Fta 

Cape  Florida,  Fla. 

Indian  Key.  Fla. 

Sand  Key,  Fla. 

Key  West,  Fla. 

Tonugas,  Fla. 

Gulf  Coast  of  the  United  States. 

Charlotte  Harbor,  Fla. 

Tampa  Bay,  (Egmont  Key,^  Fla. 
Cedar  Keys,  (Depot  Key,)  Fla.  , 
St.  Mark's,  Fla. 


The  tides  of  ports  in  the  Gulf  of  Mexico,  west  of  Cape  Sr.  George,  ebb  and  Bow,  as 
a  rule,  but  once  in  twenty-four  hours,  or  are  single-day  lidts.  At  particular  parts  of 
the  month  there  arc  two  small  tides  in  the  iwcniy-four  hours.  The  rise  and  fall  In 
all  these  ports  is  small.  The  highest  high  and  the  lowest  low  waicrs  occur  when  the 
greatest  declination  of  the  moon  happens  at  full  or  change;  the  least  tide  when  the 
moon's  declination  is  nothing  at  the  first  or  last  quarter.  The  rise  and  tail  being  so 
small,  the  times  and  heights  are  both  much  influenced  by  the  winds,  and  are  thus  ren- 
dered tjuiie  irregular.    The  following  table  gives  the  lise  and  fall  at  several  points: 

Sise  and  Fall  at  several  Stations  in  the  Gulf  of  JHesiiee. 


Mean  Rise  and  Fall  of  Tides. 


St.  George's  Island,  Fla 

Pensacola,  Fla. 

Fort  Morgan,  Mobile  Bay,  Ala.  . 

Cat  Island,  Miss 

Southwest  Pass,  La. 

Isle  Dernitre,  La. 

Entrance  to  Lake  Calcasieu,  La. 

Galveston,  Tex 

Aransas  Pass.  Tei 

Brazos  Santiago,  Tex 


TIDE  TABLE  FOR  THE  COAST  OF  THE  UNITED  STATES. 
PACIFIC  COAST. 


Inrerval  be- 

Traasil  and 

High  Water. 


Mean  Duration  of — 


San  Diego,  Cal 

«an  Pedro,  Cal 

Cuyler's  Harbor,  Cat 

San  Luis  Obispo,  Cal 

Monlerey,  Cal 

South  Farallon.  Cal 

San  Francisco,  Cal.,(aorth  beach) 

Mare  Island,  Cal 

Benicia,Cal 

RavensKood,  Cal 

Bodega,  Cal 

Humboldt  Bay,  Cal 

Poit  Orford,  Oregon 

Astoria,  Oregon 

Nee-ah  Harbor,  Wash 

Port  Townshend,  Wash 

Sleilacoom,  Wash 

Semiahmoo  Ba;,  Wash. 


,C(.H>t;[c 


TABLE  LVI. 

|PW3«1 

TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS, 

ARRANGED    A  LPH  ADBTIC  ALLY, 

WITH  THE  RISE  OF  THE  TIDE  AT  SPRINGS  AND  NEAPS" 

[When  a  queir,  thus  ?.  Is  placed  after  the  Time  of  High  Waier  and  the  Rise 

it  Indi- 

caies  that  what  aie  given  ate 

approxiioaiions.J 

Rise.           1 

Place. 

High  Water. 
Full  and  Change. 

Springs. 

Neaps. 

b.   m. 

Feet. 

II      lO 

3 

Abbey  Head,  Scotland 

6 

Abervrach.  France 

Aberystwyth.  Wales 

I     i8 

6-7 

16-18 

Abtao,  Port,  Chile 

Ahii-shebt,  Persian  Gulf 

Aeapulco.  Mexico,  West  coast 

3      6 

Acheen  Head,  Sumatra 

1  'i 

loj 

Adam  Bay,  Australia,  North  coast      .... 

Adams,  Port,  (Mary  Island,)  Yellow  Sea.      .     . 

Adelaide,  Port,  AuslraHa,  South  coast     .     .     . 

8 

5-5* 

Aden  and  adjaceul  Bays.  Arabia,  Southeast  coast 

Adenara,  Florcs,  Malay  Archipelago  .... 

8 

AdmiraliyGulf,  Australia.  Northwest  coast  .     . 

Noon 

Adolphus  Island.  AuslraHa,  Norlhwesi  coast    . 

Adou  Atoll,  Maldives 

Adou  Matte  Atoll,  Maldives 

Adventure  Sound,  FalLland  Islands  .... 

Agadir,  or  Santa  Cruz,  Africa 

Ageerminde,  Jutland 

Agnes,  St.,  ScUly  Isles 

Agulhas,  Cape,  Africa,  South  coast     .... 

Aillik  Bay,  Labrador 

Ailu,  Kapcnuir  Island,  Marshall  Islands      .     . 

8 

Air  Point,  River  Dee,  England 

Aifir.Hindoostan.  West  coast 

Akaroa  Harbor.  New  Zealand 

4    30 

Akyab,  Aracao  River,  Bay  of  Bengal  .... 

h 

8    3of 

Alabal  Harbor.  Luzon 

Alan  Island.  Patagonia,  Wesl  coast    .... 

iS 

Albany  Islands,  (Port  Albany,)  Aosiralia,  East 

0     15 

Albemarle  Island,  Galapagos  Islands      .     .     . 

6 

Albemarle,  Port,  Falkland  Islands     .... 

Albert  River.  (Kangaroo  Point,)  Australia,  North 

7    30 

10-13 

3-8 

Alcmine  Port,  Isle  of  Pines,  New  Caledonia     . 

a    6 

4 

•  By  tha  RlK  of  the  Tide  b  meuit  its  v«tial  riH  Bbon 

Jiennn  low  water  l( 

..BlofSprifl 

B  Tides. 

TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Continued. 


High  Water, 
Full  and  Change . 


Aldabra  Islands,  Mozambique 

AldlwTough,  England 

Alderney,  English  Channel 

Alert  Bay,  Cormorant  Island,  J obostone  Strait, 

Vancouver  Island. 
Alexander,  Port,  Africa,  Southwest  coast      .     . 
Alfred,  Pon.  Kowie  River,  Africa,  South  coast  . 

Algefiras,  Spain 

Algoa  Bay,  Africa,  South  coast 

Alligator  Bay,  Flores 

Alligator  River,  Australia,  North  coast    .     .     . 

Alloa,  Firth  of  Forth,  Scotland 

Altona,  Germany 

Amboyna,  Moluccas 

Ameland.  Netherlands 

Amei  Sound,  Nova  Scotia 

Amiianld  Isles,  (St.  Joseph  Island.)  Indian  Ocean 

Amlwch,  Wales 

Amoy,  (Inner  Haiboi,)  China,  East  coast 

Amoy,  Chiang  Chiu,  West  River 

Ampanam  Bay,  Lomboclc 

Amrum,  Denmark 

Amsterdam,  Indian  Ocean 

Armstrong  Channel,  Baas  Strait 

Am u1gan>ein,  Persian  Gulf 

Amur  Strait,  Gulf  of  Tarufy 

Ananga,  Japan 

Andaman  Islands,  Port  Blair,  Indian  Ocean  . 
Andaman  Islands,  Port  Comwallis    .... 

Andaman  Strait,  Indian  Ocean 

Andiava  Bay,  Madagascar 

Andres,  San,  Bay,  Patagonia,  West  coast       .     . 

Andrews,  Si.,  New  Brunswick 

AnegadB,  Virgin  Islands 

Aneiieum,  (Port  Inyang.)  South  Pacific   .     .     . 

Angosto,  Port,  Strait  of  Magellan 

Angoxa  River,  Africa,  East  coast 

Angra,  Azores 

Angra,  Pequena,  Africa,  Southwest  coast  .  . 
Angria  Bank.  Hindoosian,  West  coast  .  .  . 
Anna  Pink  Bay,  Paiagonia,  West  coast  .     .     . 

Annan  Foot,  Scotland 

Anne.  St.,  Bay,  Cape  Breton 

Anno  Bom  Island,  Africa 

Anthony  Strait,  Newfoundland 

Anticosti  Island,  Gulf  St.  Lawrence,  East  Cape . 

Anlicosti  Island.  Bear  Bay 

Aniicosiilsland.  West  Point 

Aniigonish  Harbor,  River  St.  Lawrence  .  .  . 
Antigua  Island,  (English  Harbor,)  Caribbean  Sea 
Antongil  Bay,  (Port  Choiseul,)  Madagascar  .     . 

Antonio,  Cape  St.,  Cuba 

Antonio  River,  Africa,  East  coast 

Antonio,  Port  St.,  Patagonia,  East  coast  .  .  . 
Antonio.  Port  St.,  Magellan  Strait       .... 

Antonio.  San,  Rio  Plata 

Antrobus  Island,  Gulf  of  St.  Lawrence     .     .     . 


TABLE  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS.  Ac— Continued. 


High  Water, 
Full  and  Change. 


Antwerp,  Belgium 

Aor  Puio,  Sumatra,  Northeast  coast  .... 

Aotea  Harbor,  Nev  Zeal^ind 

Apumama,  Gilbert  Islands 

Appeetetat  Bay,  Gulf  of  St.  Lawrence  .  .  . 
Appin,  Port,  (Loch  Liatthe,)  Scotland       .     .     . 

Appledore,  England 

Aquin  Bay,  St.  Domingo 

Aracan  River,  (Bar,)  Bay  of  Bengal,  East  coast . 

Aracati,  Brazil 

Araish.  El,  Africa,  Nonh  coast 

Aiasalg,  Scotland 

Arauco  Bar,  Chile 

Arbroath,  Scotland 

ArcachoQ,  France 

Areas  Rocks,  Gulf  of  Mexico 

Ardglass,  Ireland 

Ardinial Ian,  (Loch  Feochan,)  Scotland     .     .      . 

Ardrishaig,  Loch  Fjne 

Ardrossan,  Scotland 

Arenas,  Point,  San  Carlos,  Patagonia,  West  coast 

Atgyle,  Bay  of  Fundy 

Arica  Road,  Peru 

Arlchat,  Nova  Scotia 

Atinagour,  Coll  Island,  Scotland,  West  coast    . 

Arthangel,  White  Sea 

Atklow.  Ireland 

Arnhem  Bay,  Australia,  North  coast  .... 

Arroa,  Malacca  Strait 

Arthur,  Port,  Tasmania 

Arundel,  England 

Arundel,  (Bar) 

Asaph,  St.,  Bay,  Australia.  North  coast    .     .      . 

Ascension  Island,  South  Atlantic 

Ashrafi  Islands,  Red  Sea 

Aslcaigj^Porl,  Islay 

Assar  Point,  Hindoostan,  West  coast 

Atacames  Bay.  Ecuador 

Athline,  Loch  Seaforth   .     .' 

Atico  Road,  Peru 

Atkesi,  Yezo  Island 

Auckland  Harbor,  New  Zealand,  North  Island  . 
Auckland  Isl-ind,  South  Pacific.  (Port  Ross)  . 
Augustine,  St.,  Bay,  Madagascar,  West  coast  . 
Aulapolay,  Hindoostan,  West  coast    .... 

Aulezavik  Sound.  Labrador 

Aux  Cayes  Bay,  Si.  Domingo 

Avatcha  Bay,  Kamchatcha 

Avon  Isles,  Australia,  East  coast 

Avon  River,  Bigbury  Bay,  England    .... 

Awasima,  (Inland  Sea,)  Japan 

Awanui  River,  New  Zealand 

Aiim.  Africa,  West  coast 

Aylen  Bar,  Yellow  Sea 

Aymaun,  Persian  Gulf 

Ayr,  Scotland 

Ayr,  Point  of.  Isle  of  Man 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS,  4c— Copiinucd. 


High  Water, 
Fulland  Change. 


Bab-el-Mandeb,  Gulf  of  Aden 

Babel  Island,  Bass  Strail 

Bachelor  River,  Magellan  StTait 

Bacuit  Bay,  China  Sea,  East  coast       .... 
BacUs  Island,  Linga  Bav,  Sumatra      .... 

Badong  Bay,  Baly,  South  coast 

Bahia,  Braiil 

Bahrein,  Persian  Gulf 

Balabac  Island,  China  Sea,  East  coast      .      ,      . 

Balad  Harbor,  New  Caledonia 

Balambangan  Island,  Borneo,  Notth  coast   .     . 
Balasore  River,  Bay  of  Bengal,  West  coast  .     . 

Balbriggan,  Ireland 

Ballacbulish.  (Loch  Leven,)  Scotland 
Ballinacourty,  Dungarvan,  Itelaod      .... 

Bailinskcllig  Bar.  Ireland 

Ballycaslle  Bay,  Ireland 

Ballycotiin,  Ireland 

Ballycrovane,  Kenmare  River,  Ireland     .     .     . 

Balt/nakill  Bay,  Ireland 

Ballyness,  (Bar.)  Ireland 

Ballysadare,  (Quay,l  Ireland 

Baity  shannon,  (Bar,)  Ireland 

Baityweel.  Ireland 

"  'a, Scotland 

.imore,  Ireland 

Balirum,  Germany 

Banana  Islands,  Africa,  West  coast    .... 
Bankot   at  Sitri   Rivet,  (entrance,)  Hindoostan, 
Wcsi  coast. 

Baiida,  Moluccas 

Bander  Altileh,Gulfof  Aden 

Bander  Gorf,Guir  of  Aden 

Bander  Jisseb,  Persian  Gulf 

Bander  Khairan,  Persian  Gulf 

Bander  Shdab,  Indian  Ocean 

Bander  Felkam,  Arabia,  Soulheaal  coast .      .     . 

BanfT,  Scotland 

Bangltok  River,  Siani 

Banjoewangie,  Java 

Banoko,  Ahica,  West  coast 

Bantam,  lava 

Bantry  Harbor,  Ireland 

Baracoa.Cuba 

Barbados.  Caribbee  Islands 

Barbara,  Port,  Patagonia,  West  roast .... 

Barbara,  Santa,  Island,  California 

Baite,  St.,  Harbor,  Newfoundland      ,     .     ,      , 
Barbe,  St..  Sumatra,  Norlheasi  coast   .     .     .     . 

Barbe.  Sania,  Island,  California 

Barclay  Sound,  Island  Harbor,  Vancouver  Isl'd . 
Barclay  Sound,  Uchucklesii  Harbor,  Vancouver 

Barclay  Sound,  Stamp  Harbor,  Vancouver  Isl'd 

Bardsey  Island,  Wales 

Birfleur,  France 

Barmouth,  Wales 
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TIME  Of  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.-CoRiiaued. 


High  Water, 
FullandCliaiige. 


Barnstaple  Biidgs,  England 

Barquero,  (entrance,)  Spain,  North  coast .     .     . 
Baira  Island,  (North  Harbor,)  Scotland,  West 

Baria  Castle  Bay.  Scotland,  West  coa«t  .  . 
Barra  Head,  Bernerad  Island,  Scotland,  West 

Barracouta  Harbor,  Gulf  of  Tartary    .     .     . 

Barragan  Baj,  Rio  de  la  Plata 

Barren  Island,  China  Sea,  East  coast .     .     . 

Barren  Islands,  Madagascar 

Barrow  Harbor,  Newfoundland      .... 

Barrow,  Point,  Arctic  Regions 

Barry  Island,  Wales 

Barton,  Pon,  (Bubon   Point,)  China   Sea,  East 

Bas,  lie  de,  France 

Bfeiddh,  Persian  Gulf 

Basil  Bay,  Korea,  West  coast 

Basque  Port,  Newfoundland 

Basrah,  (Bar,)  Persian  Gulf 

Basrah,  Town 

Bassein  River,  Baj  of  Beng^ 

Baianes,  Bashee  Islands,CniDa  Sea,  East  coast . 

Baiavia,  Java 

Balchian,  Gilolo.  Moluccas 

Bate, (Gulf  of  Kutch,)  HindoosUn,  West  coast  . 
Baieman  Bay,  Australia,  East  coast    .... 

Bathursl,  Gulf  of  St.  Lawrence 

Bathz,  Netherlands 

Batiscan,  River  St.  Lawrence 

Batoo  Barra,  Sumatra 

Batticalao  River,  Ceyloo 

Bawdsey  Haven.    (See  Woodbridge  Haven.) 
Bay  of  Harbors,  Bull  Road,  Falkland  Islands   , 
Bay  of  Islands,  (Molu   Mca  Islet,)  New  Zea- 

Bay  of  Mercy,  Banks  Land 

Bayonne,  (Bar,)  France 

Bazaruto,  Cape,  Africa,  East  coast      .... 

Beachy  Head,  England 

BeagleBay,  Australia,  West  coast      .... 
Bear,  Cape,  Prince  Edward  Island      .... 

Bear  Head,  Cape  Breton  Island 

Beatrice  Islet,  Australia,  North  coast .... 
Bcaub&re  Island,  Gulf  of  St.  Lawrence     .     .     . 

BeauUeu,  England 

Beaumaris,  Wales 

Beaver  Cove,  Vancouver  Island 

Beaver  Creek,  Loughborough  Inlet,  British  Co- 
lumbia. 
Beaver  Harbor,  Vancouver  Island      .     ,     . 

Beaver  Harbor,  Nova  Scoria 

Bedcque  Harbor,  Prince  Edward  Island  .  . 
Bedford  Bay,  Tierra  del  Fuego  .  .  .  , 
Bchring  Bay,  America,  Northwest  coa*t .     , 
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TIME  OF*  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS.  &c— CoDtlaued. 


High  Water, 
Full  and  Change.  ~ 


Belfast,  Ireland 

Bclgraao,  Poit,  La  Plata 

Bell  Sound,  SpitzbergcD 

"  "es  Amour  Bay,  Labrador 

I  igam  Bay,  Ceylon 

.ona  Reefg,  (Middle.^  Australia,  East  coast  . 
Bembatooka  Bay,  Madagascar,  West  coast   . 

Bembridge  Point,  England 

Benbecula,  Scotland 

Bencooien,  Sumatra 

BeDcvente,  Bratil 

Benguela,  Africa,  West  coast 

Benin  River,  Africa,  South  coast   .... 
Berbereh  or  Butbutra,  (Gulf  of  Aden,)  Africa, 
East  coast. 

Berbice,  Guayana 

Bergen,  Norway 

Berkeley  Sound,  Falkland  Islands  .     . 

Bermuda,  Ireland  Island,  North  Atlantic 
Beroera,  Loch  Roag,  Lewis  Island      .      .     . 
Berneray  Island,  Sound  of  Harris 

Bcrsiap  Point,  Banka  Strait 

Bcrsimis  Riv-er.Gulf  of  St.  Lawrence      .      . 

Berwick,  Scotland 

Betcheween  Harbor,  Gulf  of  St.  Lawrence  . 
Bcypoie   River,  (entrance,)   Hindoo&tan,  West 

iwliaree  Creek,  Hindoostan,  West  coast . 
Bias  ^y,  fTooniang  Island.)  China,  East  coa 
Bias  Bay,  (Tsangchow  Island,)  China,  East  cl 
Bic  Island,  Gulf  of  St.  Lawrence  .... 
Biddah  River,  Bay  of  Bengal,  West  coast      . 

Bideford,  England 

Bijouga  Islands,  Areas  Channel,  Africa,  West 

Bijouga  Islands.  Bissao,  Africa,  West  coast . 
Bijouga  Islands.  Orango  Channel,  Africa,  West 

Bilbao,  (Bar,)  Spain 

Bilbao,  (Town,)  Spain 

"'   la  Bay.  Sumbawa 

kang  Bay,  China  Sea,  West  coast .      .     . 

tula  River,  China  Sea,  East  coast  .  .  . 
Bird   Island,  Carlandagan  Islands,  China  Sea, 

East  coast. 
Bi-d  Islands,  Africa,  South  coast  .... 

Blaavands  Huk,Jutland 

Black  Ball  Harbor,  Ireland 

Black  Rock,  Bay  of  Fundj 

Black  Point,  Australia,  South  coast  .  .  . 
Black  Point  Bay,  Africa,  West  coast  .  .  . 
Blaciisod  Bay,  (Quay,)  Ireland       .... 

Blackloft,  River  Humber 

Blair  Harbor,  China  Sea,  West  coast .     .     . 

Blakeney,  England 

Blakeney,  (Bar,)  England 
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High  Water, 
Full  and  Change. 


Blanche,  PoTt,  Streakf  Ba;,  Australia,  South 

Blankenbcrg,  Belgium 

Btanco,  Cape,  Africa,  West  coast 

Bias,  San,  Mexico,  West  coast 

Bias,  San,  La  Plata 

Btasket  Islands,  Ireland 

Blauort  Sand,  Germany 

Btewfields,  Mosquito  Coast 

Bligh  Sound,  New  Zealand 

Blind  Bay,  Nova  Scotia 

Bluff  Cay,  Bahamas 

Bluff  Harbor,  New  Zealand 

Blunden  Harbor,  British  Columbia    .... 

Blyth,  England 

Bl;th  River,  Scuthwold,  England 

Bi>ca  de  Varadero,  Cuba 

Boca  Grande,  Trinidad,  Caiibbee  Islands      .     , 
Boca  Mono,  Trinidad,  Caribbee  Islands  .     .     . 

Boddam  Cove,  Ladrone  Islands 

Bocrong  Island,  China  Sea 

Boiador,  Cape.  Africa 

Bolt  Head,  England 

Bombar  Dockyard,  Hindoostan,  West  coast .     . 
Booacca  Island,  Bay  of  Honduras       .... 

Bonavista,  Newfoundland 

Bonne  Espetance  Harbor,  Gulf  of  St  Lawrence 

Bonny  River,  Africa,  West  coast 

Booby  Island,  Australia,  North  coast .... 

Bordeani,  France 

Boria  Bay,  Hindoostan,  West  coast     .... 

Borja  Bay,  Magellan  Strait 

Borkum,  West  Germany 

Borkum,  East  Germany 

Boscaslle,  England 

Boston,  (Sluice,)  England 

Boston,  (Deep  Clay  Hole,)  England    .     .     .     . 

Boston,  Hob  Hole,  England 

Botanj  Bay,  Australia,  East  coast 

Boteler  River,  Madagascar 

Boucaut,  France 

Boughton  Harbor,  Prince  Edward  Island     .     . 

Boulogne,  France 

Bourbon  Islaifd,  Indian  Ocean.    (See  Reunion 
IslaodJ 

BouTO,<Cajili  Bay,)  Moluccas 

Bow  Island,  South  Pacific 

Bowen,  Port,  Australia,  East  coast      .... 

Bowling,  River  Clyde,  Scotland 

Boyanna  Bay,  Madagascar,  West  coast    .      .     . 

Bradore  Bay,  Labrador 

Braha  Harbor,  Newfoundland 

Bramble  Cay,  Torres  Strait 

Brandy  Pots,  River  St.  Lawrence 

Brass  River,  Africa 

Brava,  Africa,  East  coast 

Bray  Head,  Ireland 
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High  Water, 
Full  and  Chaoge. 


Breaksea  Soood,  New  Zealand 

Br^bat,  Fiance 

Biemerhaven,  GeTntanj ........ 

Brest,  Fiance 

Bridg^watei,  England 

Biidgemater  Bai,  England 

Bridlington,  England 

Bridport,  England . 

Brielle,  Nelhcilands 

Btig  Bay,  Newfoundland . 

Biighioc,  England 

Brisbane,  (Bai,)  Australia 

Bristol,  (King  Road,)  Eogland 

BriEiol,  Cumberland  Dock  Gates 

Britannia  Baj,  Sumbawa 

British  Sound,  Madagascar,  East  coast    .     . 
Broad  Sound,  Austialia,  E^st  coast     .... 

Broadhaven  Harbor,  Ireland 

Broadway  River,  (entrance,)  China,  East  coast  . 
Broken  Bay,  Australia,  East  coast       .... 

Broom  Loch,  (Ullapool) 

Bioughly  Ferry,  Scotland 

Brou  we  [Shaven,  Neiherlandi 

Brouwershaven-gat 

Bruinisse,  Netherlands 

Bruit  River,  Borneo 

Bruni  River,  China  Sea,  East  coast     .... 

Brunsbuttel,  Geitnanj 

Brunswick  Bay,  Australia,  Northwest  coast .     . 

Brush,  Yarmouth,  England 

Bubon  Point,  Port  Barton,  China  Sea,  East  coast 
Buctouche  Rivet,  Gulf  of  St.  Lawrence    .     .     . 

Budehaven,  England 

Buenaventura,  Poit,  Central  America,  (Negtilla 

Reef.) 
Buenaventura,  Port,  Cen.  America,  (off  the  town) 
Buenos  Ayres.  South  America,  East  coast  .  . 
Buffalo  River,  (East  London,)  Africa,  South  coast 
Bularaa  Island,  (Areas  Channel,)  Africa,  W.  coast 
Bull  HaibOT,  Goletas  Channel,  Vancouver  Isl'd 
Bull  Island,  Newfoundland  .  .  . 
Bull's  Mouth,  (Achill  Sound,  North  c 

Ireland. 
Bulsar  Khar,  Hindoostan,  West  coast 
Bulnagan,  O'sia  Ana,  Port,  Filipinas  . 
Bunawe,  (Locb  Etive,)  Scotland     .     . 

Buncianna,  Ireland 

Bunessan,  Scotland 

Burburia.    (See  Berbereh.) 
Burin  Harbor.  Newfoundland  , 
Burntisland,  Firth  of  Forth,  Scotland . 
Burnt  Isles,  Kyles  of  Bute,  Scotland  . 

Buiong  Island,  China  Sea 

Buirard  Inlet,  Gulf  of  Georgia,  British  Columbia 
Hurry  Port,  Wales     .... 
Busainga,  Bunas  Island      .     , 
Bushire.    (See  Abfi-shehr.) 
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High  Water, 
Full  and  Change.  ~ 


Springs.     Neaps. 


Bussotah  River,  (Bar,)  Persian  Gulf  .  .  , 
Busuanga,  China  Sea,  East  coast  .... 

Biisum,  Gemiany 

Button  Islands,  Hudson  Strait  .... 
Byron  Bay,  Australia,  East  coast .... 

Cabita  Bay,  New  Granada 

Cacheo  River,  Africa,  West  coast  .... 

Cachipour,  Cape,  Brazil 

Cadiz,  Spain 

Caen.  Franco 

Caermarlhen,  (Bar) 

Caernarvon,  Wales 

Cagayan  Sulu 

CaHnites,  St.  Domingo 

Caiinlough,  Ireland 

Caieli  Bay,  Bouro 

Calais,  France 

Calandorang,  Balabac  Island 

Calbuco,  Patagonia,  West  coast     .... 

Calcutta,  Bengal 

Caldy  Road,  Bristol  Channel 

Calabar  River,  Africa.  West  coast .... 
Calabar  River,  Old,  Africa,  West  coast  .  . 
Caledonia  Harbor,  New  Granada  .... 

Calf  Sound,  Isle  of  Man 

Calicut  Roads,  Hindoostan,  West  coast  .     . 

Callao  Bay,  Peru 

Calsbol,  (Castle  Point.)  England  .... 
Calstock.  River  Tamar.  England  .... 

Camaguln,  Babuyan  Islands 

CamariSas,  Port,  Spain 

Cambay,  (toim,)  Hindoostan,  West  coast     . 

Cambing,  Banda  Sea 

Camden  Harbor,  Australia,  Northwest  coasl 
Cameleon    Harbor,   Nodales   Channel,  British 

Columbia. 
Cameroon  Rivet,  Africa,  West  coast  ■     .     . 
Campbell,  Cape,  New  Zealand      .... 
Campbell  Island.  South  Pacific     .... 
Campbell  Town,  Gulf  of  St.  Lawrence   .     . 

Campbellton.  Scotland 

C&mpeche,  Yucatan 

Campobello,  (Welchpool,)  Bay  of  Fundy      . 

Cancale,  Prance 

Can na  Island.  Scotland,  West  coast  .  .  , 
Canso  Gui,  (North  entrance)  Nova  Scotia  . 
Canso  Gut.fPlaisier  Cove,}  Nova  Scotia.  . 
Canso  Harbor,  Cape  Breton  Island     . 

Cantin.  Cape,  Africa 

Canton  Ri»et,  (enltance,)  China  .... 
Canton  River,  Kuper  Island,  in  March  ,  . 
Canton  River,  Kuper  Island,  In  May  and  Jui 
Cape  Coast  Castle,  Africa,  West  coast      .     . 

Car  Nicobar.  Nicobar  Island 

Caracas  River,  Ecuador 
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High  Water, 
Full  and  Cbange 


Caraquette  Harbor,  Gutf  of  St.  Lawrence    .     . 

Carbonear,  Newfoundland 

Cardiff,  (Penarth,)  Wales 

Cardigan,  Wales 

Cardigan  Bay,  Prince  Edward  Island 
Careening  Bay,  Australia,  Northwest  coast  .     , 
Caielmapu,  Patagonia,  West  coasl      .... 
Cargados,  Catajos  Sboals,  Indian  Ocean       ,     , 

Cargreen,  River  Tamar,  England 

Caribou  Harbor,  Nora  Scotia 

Catlandagan  Islands,  Bird  Island,  Palawan,  EaM 

Carleton  Point,  Gutf  of  St.  Lawrence      .     .     , 
Cailingford  Bar,  or  Cran&cld  Point,  Ireland      . 

Carlisle  Port,  England 

Carlos,  San,  Port,  Patagonia,  West  coast       .     . 

Carlos,  San,  Arenas  Point,  Patagonia,  West  coast 

Carlos,  San,  English  Bank.  Patagonia, West  coast 

Carlos,  San.  Port,  Falkland  Islands    . 

Carenage,  Trinidad,  Caribbee  Islands 

Camot  Bay,  Australia.  West  coast 

Carouge  River,  River  St,  Lawrence 

Carrigaholt,  Ireland  .      .     . 

Carsaig,  Scotland       ■     .     . 

Cartagena,  New  Granada     . 

Carteret,  France    .... 

Carteret,  Port,  New  Ireland 

Carwar,  or  SedashJgai  Bay,  Hindoostan,  W«il 

Cascumpeque  Harlior,  Prince  Edward  Island    . 

Casbia  Bay,  Ireland 

Casquets,  English  Channel 

Castilios,  Cape,  Rio  de  la  Plata 

Castlereagb,  Cape,  Tierra  del  Fuego  .... 

Castletown,  Bearhaven,  Ireland 

Castletown,  Isle  of  Man 

Castletown  send,  Ireland 

Castors  Harbor,  Newfoundland 

Casir!  Bay,  Golf  of  Tartary 

CasCto,  Patagonia,  West  coast 

Casuarina  Point,  China  Sea,  E^st  coast   . 

Caialina  Harbor,  Newfoundland 

Calharina,  Santa,  Island,  Brazil 

Catharine,  St^  Point,  Magellan  Strait .... 

Catlin  River,  New  Zealand 

Cato  Bank.  Australia,  East  coast 

Calocbe,  Cape,  Yucatan 

Caltawade  Bridge,  Stour  River,  England.     .     . 

Cavalli  Islands,  NeW  Zealand 

Cavern  Islai^,  China  Sea,  East  coast .      ,     .     , 
Cawec  Islands,  Gulf  of  St.  Lawrence  .     .     ,     . 

Cayenne,  Guayana 

Cayeui,  France 

Ceara,  Brazil 

Cedeira,  Spain,  North  coast 

Centre  Island.  Foveaux  Strait,  New  Zealand 
Ceram,  Wahaay  Harbor,  Moluccas     .... 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS, &c.— CoMlnned, 


Cerros  Island,  California 

Ceuia,  Afiica,  North  coast 

Cbacao  Bay,  Patuonia,  West  coast  .... 
Chacao  Naiiows,Paiagonia,WeEi  coast . 

Chalky  Inlet,  New  Zealand 

Chalmers,  Pan,  America,  Northwest  coast    .     . 

Charn^  Bay,  New  Giaoada 

Chamisso  Island,  America,  Northwest  coast 
Champion  Bay,  Australia,  West  coast      .     .     . 

Champlain,  River  St.  Lawrence 

Changchi  Island,  China,  East  coast     .... 

Change  Island,  Newfoundland 

Changues  Islands,  Patagonia,  West  coast  .  . 
Cbapu  Road,  Hang-chu  Bay,  China,  East  coast . 
Charles  Island.  Galapagos  Islands      .... 

Charles  Island,  Labrador 

Charlowka  River,  Lapland 

Chateau  Bay,  Labrador 

Chatham.  England 

Chatham  Island.  Galapagos  Islands  ,  .  .  , 
Chatham  Island,  Port  Hutt,  South  Pacific  .  . 
Chatham,  Port,  America,  Northwest  coast     .     . 

Chauan  Bay,  China,  East  C03« 

Chausie  dc  Sein,  France 

Chausey,  Isles  de,  France    . 

Cheduba,  Bay  of  Bengal 

Chee.fow  Harbor,  Yellow  Sea.    (See  Chifu.) 
Chenlabun  River,  China  Sea,  West  coast      .     . 

Chepo  River,  New  Granada 

Chepstow,  England 

Cherbaniani  Reef,  Laccadives,  Indian  Ocean     . 

Cherbourg,  France 

Chesilton.  England 

Chester.  (Crane  Wharf.)  England 

Chesterfield  Islet,  Australia,  East  coast  .     .     . 

Chetican,  Cape  Breton  Island 

Chichester,  England 

Chifu,  Yellow  Sea 

Chimmo  Bay,  China,  East  coast 

Chimney  Island,  Rees  Pass.  China,  East  coast  . 
Cbinchu  Harbor.  China,  East  coast  .... 
Chin-hae,  Yung  River,  China,  East  coast.     .     . 

Ching-tau  Bay,  Yellow  Sea 

Chino  Bay,  China  Sea 

Chittagong,  (Bar,)  Bay  of  Bengal,  East  Coast     . 

Chodo  Island.  Korea,  West  coast 

Choiseul,  Port,  Madagascar.  East  coast  .  ,  , 
Chosan  Harbor,  or  Tsau-Iiang-hai,  Japan  Sea   . 

ChriEtchutch,  England 

Christian stsed,  Santa  Cruz 

Christmas  Island,  Indian  Ocean 

Christmas  Harbor,  Kerguelen  Island      .     . 
Chuen-pee  Point,  Canton  River    .      ,     .     ,     . 
Churmca,  Port.  Strait  of  Magellan     .... 
Chusan  Archipelago,  (Vernon  Channel,)  China, 
East  coast. 


High  Water, 
Full  and  Change 
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High  Water, 
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Chusan  Tinghs,  China,  East  coast      .     .     . 

Circular  Head,  Tasmania 

Clam  Point,  Bay  of  Fundy 

Crara,  Santa,  Islaad,  Ecuadoi 

Clare  Island,  Ireland 

Clarence.  Port,  America,  Northwest  coast     . 
Clarence  Hatboi.  Long  Islaad,  iJahamas 
Clarence  River,  South  Head,  Austialia,  East  c' 

Clarke  Harbor,  Bay  or  Fundy 

Clayoquot  Sound.  Vancouver  llland  .      . 

Clear,  Cape,  Ireland 

Clearwater  Point,  Gulf  of  Si,  Lawrence  .     . 
Cleveland  Bay,  Australia,  East  coast  . 
Cley,  England,  Northeast  coast      .... 
Clifden  Bay,  Ireland,  West  coast   .... 

Clonakilty  Bay,  Ireland 

Coacoacho  Bay,  Gulf  of  St,  Lawrence     .     . 

Cobija  Bay,  Bolivia 

Cocagne  River,  Gulf  of  St.  Lawrence 

Cochin   Harbor   and    Road,  Hiadoosian,  West 

Cockburn  Island,  Antarctic  Ocean  .  .  . 
Cockburn.  Pon,  Africa,  East  coast  .  .  . 
Cockburn,  Australia,  North  coast  .... 
Cockburn  Sound,  Australia,  West  coast  . 
Cockeniie,  Firth  of  Forth,  Scotland  .  .  . 
Codroy  Island,  Newfoundland  .  ,  .  . 
Coghlan  Anchorage,  America,  Northwest  coas 

Colaiado,  River  La  Plata 

Colarados,  River  La  Plata 

Coleraine,  Ireland 

Collier  Bay,  Australia,  Norlhwesl  coast  .  . 
Colne  Point,  Colne  River,  England  .  ,  . 
Colombilla  Cay,  Pearl  Cays,  Caribbean  Sea 

Colombo,  Ceylon 

Colonsay,  (Schallasaig,)  Scotland.  West  coast 
Comau  Inlet,  Patagonia,  West  coast  .     .     . 
Comboyuro  Point,  Australia.  E^sl  coast  . 
Componce  River,  Africa,  West  coast  .      .     . 

Coaani  River,  Brazil 

ConcarncaB,  France 

Condore,  Cochin  China 

Congo  River,  Africa,  West  coast    .... 

Congoon  Bay,  Persian  Gulf 

Conil,  Spain 

Conquet  Road,  France 

Constitucion  Cove,  Bolivia 

Conway,  Cape,  Australia.  East  coast  .      .     . 

Cook  Harbor,  Newfoundland 

Coondee.    (See  Kddi.] 

Cooper,  Port,  New  Z^and 

Copiapo.  Chile 

Coquet  Road,  England,  East  coast      .     .     . 

Coquimbo  Bay,  Chile 

Cordouan  Lighl-house.  Franco 

Corcntyn  River,  Guayana 

Coringa,  or  Cocanada  Bay,  Bay  of  Bengal,  West 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  Sc— Contioued. 


Coiing;a  River,  (Bar,)  Bay  of  Bengal,  West  coa«t 
Corisco  Bay,  (Elobe;  Islea,)  Africa,  West  coast . 

Cork,  (Penrose  Quay,}  Ireland 

Corn  Islands,  Bay  of  HonduiM 

Comer  Inlet,  South  AuBtralia 

Cornwall,  Cape,  England 

Corny  Point,  Australia,  South  coast   .... 

Corpach,  (Loch  Aber,)  Scotland 

Coiran,  (Loch  Linnhe,)  Scotland 

Comnna,  Spain 

Coudres  Island,  (Piairie  Bay,)  River  St.  Lawrence 

Courseu lies,  Fiance 

Counmacsherry,  Ireland 

Coverack,  England 

Cow  Head  Haibor,  Newfoundland     .... 

Cowes,  (West,)  England 

Coy  Inlet,  Patagonia,  East  coast 

Coyhuin  River,  Chile 

Cozumel,  Bay  of  Himduiaa 

Crane  Island,  Rivei  St.  Lawrence 

Cranford  Bay,  Mulioy  Bay,  Ireland    .... 

CiapauJ,  Prince  Edward  Island 

Crimaill^re  Haibor,  Newfoundlaad  .... 
Cricbion  Huboi,  Korea,  South  coast      .     .     . 

Ciimon  Islands,  Java  Sea 

Ciinan,  Scotland 

Croc  Harbor,  Newfoundland 

Croisilles  Haiboi.  New  Zealand 

Croman;,  Scotland ' . 

Cromer,  England 

Crow  Harbor,  Nova  Scotia 

Ciowdy  Head,  Australia,  East  coast  .     .     .     . 

Crooked  Island,  Bahaoias 

Crookhaven,  Ireland 

Cucao  Hay,  Patagonia,  West  coast  .... 
Cuckolds  Polnl,  River  Thames,  England      .     . 

Culdaff  Bay,  Ireland,  West  coast 

Culebra,  or  Passage  Island,  Caribbeao  Sea  .  . 
Culiacan  River,  Mexico,  West  coast  .  .  .  . 
CuUen  Harbor,  Fife  Sound,  British  Columbia  . 
Cumberiaod  Basin,  (Sack ville.)  Bay  of  Fundy  . 
Cumsingmun  Harbor,  Canton  River,  China 

Cupchi  Point.  China,  East  coast 

Cupica  Bay,  New  Granada 

Cuiieuse,  Seychelles,  Indian  Ocean  .... 
Curtis,  Port,  Australia,  East  coast       .... 

Cutwell  Harbor,  Newfoundland 

Cuibaven.  Germany 

Cypress  Harbor,SbarpPassage,BiitiBh  Columbia 

Daggs  Sound,  New  Zealand 

Dahouet,  France 

Dalawan  Bay,  China  Sea,  East  coast  .... 

Dalcahue,  Patagonia.  West  coast 

Dalhousie  Harbor,  Gulf  of  5L  Lawrence      .     . 


High  Water. 
Full  and  Chang*. 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS. ftc.— ConUnnod. 


High  Water, 
Full  and  Change. 


Dalkej  Island,  Ireland 

Dalrymple  Bay,  Madagascar,  West  coast 

Dalryinp'e,  Port,  Tasmania 

Dampier  Strait.  Moluccas 

Danes  Island,  Spitzbergen 

Danger  Point,  Australia,  East  coast   .     ,     , 

Darnley  Island.  Torres  Strait 

Darra  Salaatn,  Africa,  South  coasl.      .     .     , 

Darimoutb,  England 

Darwin  Harbor,  Choiseul  Sound,  Falkland  Is- 

Darwin,  Port,  Australia,  North  coast  .     .     . 

Dauphin,  Fort.  Madagascar 

Davy  Point,  Bay  of  Bengal 

De  Koompot,  Onrust,  North  Sea    .     .     ,     , 

Deal,  England 

Dealy  Island,  Melville  Island 

Deep  Harbor.  File  Sound,  British  Columbia 

Deep  Point,  Durian  Strait 

Deer  Harbor,  Newfoundland 

Deer  Sound,  Orkneys 

nelagoa  Bay,  (Port  MeMUe,)  Africa,  South  coast 
DelagoaBar,(Portuguese  Factory.)  Africa,  South 

Delagoa  Bay,  Shefeen  Island,  Africa,  South  c( 

Delbijl,  Gennany 

Delgado,  Cape,  Africa,  East  coast  .... 

Demerara  River,  Guayana 

Denbain    Sound,  Shark    Bay,  Australia,  North- 
Denial  Bay,  Australia,  South  coast     .     .     , 
Denisou,  Port,  Australia,  East  coast   ,     .     ^ 
Deoghur  Harbor,  (entrance,)  Hindoostao,  West 

Depuch  Isle,  Australia,  West  coast     .     .     . 
Desire,  Port,  Patagonia,  East  coast     .     ,     . 
Devarenne  Strait,  New  Caledonia .     ,     .     i 
Deronport  Dockvard,  England     ..... 
Dbardur  River,  (entrance,)   Hindootlan,  West 

Dhcli  Rivet,  Sumatra 

Diamond  Island.  Bay  of  Bengal 

Diamond  Point,  Malacca  Strait 

Diego,  San,  Cape,  Tierta  del  Fuega  .... 
Diego  Garcia  Island,  Indian  Ocean  .... 
Diego  Ratnirei  Islands,  Tierta  del  Fuego    .     . 

Dielette,  France 

Dieppe,  France 

Digby  Gut,  Bav  of  Fundy 

Dilhi,  or  Dielh,  Timor 

Dillon  Bay.  Erroroango  Islattd,  New  Hebrides  . 

Dingle,  Ireland 

Direction  Hill.  Magellan  Strait 

Discovery,  Port.  America,  Northwest  coast  . 
Dislocation  Harbor,  Tierra  del  Fuego     .     .     . 
Diu  Harbor,  Hindoostan,  West  coast.    .... 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS,  &c.— Cominued. 


HighWaier, 
Full  and  Cbttnge. 


Dives,  Ftanca 

Divy  Point,  Bay  of  Bengal 

Dodandowe  Bay,  Ceylon 

Oodo  River,  Bighl  of  Benin 

Domingo,  San,  Port,  Patagonia,  Weit  coast  . 

Domino  Run,  Labrador 

Donaghadee,  Ireland 

Donegal  HaiboT,  Iretaad 

Doris  Cove,  Tierra  del  Fuego 

Domock  Road.  Scotland 

Douany,  ComoTO  Islands 

Douglas,  Isle  of  Man 

Douglas  Road,  Bahamas 

Dover,  England 

Downham  Reach,  Orwell,  England  .  .  . 
Diayton  Harbor,  St.  Juan  de  Fuca  SCiait 

Drogheda,  (Bar,)  Ireland 

Duait,  Isle  of  Mull 

Dubba  River,  Hindoostan,  West  coast  .  . 
Dublin,  (Bar,)  Ireland     ....'... 

Duck  Cove,  New  Zealand 

Dumbarton,  Scotland 

Dumrah  River,  (Bay  (^  Bengal)      .     .     .     . 

Dunbar,  Scotland 

Dunbeacon,  Ireland 

Duncansby  Nesa,  Scotland 

Dundalk,  Ireland 

Dundee,  Scotland 

Dungeness,  England 

Dunseuess,  Magellan  Strait 

Dunk  Island,  Australia,  East  coast     .     .     . 

Dunlcerque,  France 

Dunkerron,  Kenmare  River,  Ireland  .     ,     . 

Dunmanus  Harbor,  Ireland 

Dunoiore,  Ireland 

Durnford,  Port,  Africa,  East  coast      .     .     . 

Dusky  Bay,  New  Zealand 

Dvina,(Bar,)  While  Sea 

Dyer  Island,  Africa,  South  coast    ,     .     ,     , 

Easdale  Sound,  Scotland 

Easter  Island,  South  Pacific 

East  Cape.  New  Zealand 

E^t  Point.  Prince  Edward  Island 

East  Alligator  RivEi,  Australia,  North  coast 

East  London,  Africa,  South  coast  .... 

Eclipse  Harbor,  Labrador 

Ecrebos,  Franco 

Eddyslone  Point,  Australia,  East  coast  .  . 
Eden  Harbor,  Patagonia,  West  coast  .     .     . 

Edgar,  Port,  Falkland  Islands 

Edge  Passage,  America,  Northwest  coast      . 

Edina,  Africa,  West  coast 

Edmonstone  Island,  Sherbro  River,  AAica  . 
Egg  Island,  Gulf  of  S(.  Lawrence.  ,  .  . 
Egmoot  Bay,  Prince  Edward  Island  .  .  . 
Egmont,  Port,  Falkland  Islands    .... 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS. &c.— Continued. 


High  Water, 
Full  and  Cbaage. 


Eider  River,  (entrance,)  Nortb  Sea.     ,     ,     . 

Eider  River,  TSnning 

Eides  Fiord,  F»roe  Islands 

Eigg  Island,  Scotland 

Elbe,  (entrance,)  Germany 

Elbe,  Outer  light-vessel,  No.  r 

Elena,  Santa,  Port,  Patagonia,  Eaat  Ci>ast.     . 

Elena  Bay,  Ecuador 

Elizabeth  Bav,  Arrica,  Southwest  coast    .     . 

Ellen,  Port,  fslay 

Ellennoods  Anchorage,  Bav  of  Fundj    .     . 
Elliot,  Port,  Australia,  South  coast      .     .     . 

Emden,  Germany 

Ems  River,  (outer  buoy.)  Germany     ,     .     . 

Encounter  Rock,  Yellow  Sea 

Endeavor  River,  Australia,  North  coast   .     . 
Endeavor  Strait.  Australia,  North  coast   ,     . 

Endermo  Harbor,  Japan 

English  Bank,  San  Carlos,  Patagonia,  West  cc 

English  Harbor,  Antigua 

English  River,  Delagoa  Bay,  Africa,  South  Co 

Enora  Bay,  Japan 

Eran  Bay,  (Palawan,)  China  Sea,  East  coast . 

Erebus  Bay,  Barrow  Strait 

Erme  River,  Bigbury  Bay,  England     .     .     , 

Erqui.  France 

Erronan,  or  Fuluna,  New  Hebrides 
Escumenac  Point.  Gulf  of  St.  Lawrence 
Esperanza  Inlet,  Vancouver  Island     ,      ,     . 

Espirito  Bay,  Brazil 

Lspiricn.  Santo,  Cape.  Magellan  Strait  .  . 
Esquimau.  Si.  Juan  de  Fuca  Strait  .  .  . 
Essington,  Port,  Australia,  North  coast  ,  . 
Estevan,  San,  Port,  Patagonia,  West  coast  . 
Etches,  Port,  America,  Northwest  coast  . 
Evangelists,  Patagonia,  West  coast     .      ,     , 

Exmouth,  England 

Expedition  Bay,  Korea 

Exuma,  Bahamas 

Eyemouth,  Scotland 

Eyre,  Port,  Australia,  South  coast  .... 

Fair  Isle,  Shetlands 

Fairy,  Port,  Australia.  South  coast       .... 
Falkland  Sound,  (Nortb  entrance.)  Falkland  Is- 

Falklan'd  Sound,  (South  eotrance,)  Falkland  Is- 

Fall  Harbor,  Labrador 

Falmouth,  England 

False  Point,  Bav  of  Bennl,  West  coast  .     , 

Famine,  Port,  Magellan  Strait 

Fanning's  Island,  South  Pacl&c     .     ,      ,     , 
Fanny  Hole,  Mulroj  Bay,  Ireland       .... 
Fansiak   Channel,  Canton   River,  China,  East 

Fareham,  (close  to  the  Upper  Quay,)  England  . 


TABLB  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS, ftc-Continued. 


High  Water, 
Full  and  Change. 


Fareham  Bridge,  England 

Farewell,  Cape,  New  Zealiind 

Fatsizio,  Japan 

Fayal,  Azores,  Atlantic  Ocean 

Fecamp,  France 

F^adrine,  Madagascar 

Fenit,  Tialee  Bay,  Ireland 

Feolin  Feriy,  Jura 

Feinando,  Noronha  Island.  South  Atlantic  .     . 

Fernando  Po,  Bight  of  Biafra 

FeroUe  Cove,  New,  Newfoundland  .  .  .  . 
Ferolle  Harbor,  Old,  Newfoundland  .     .     .     . 

Feiribly  Sluice,  River  Humber 

Ferro.  Canary  Islands 

Ferroi.  Spain 

Ferry  Side,  South  Wales 

Filey  Bay,  England 

Finislerre,  Cape,  Spain 

Fish  Head,  Gulf  of  Manan,  Bay  of  Fundjr     .     . 

Fishguard.  Wales 

Fitz-Ro;  Island,  Australia,  East  coast     .     .     . 

Fitzroy  Port,  Falkland  Islands 

Flamand  Bay,  St.  Domingo 

Flamborough  Head,  England 

Flamenco.  Port,  Chile 

Flatholm  Islands,  Bristol  Channel      .... 

Fleetwood,  Port,  England 

Fleetwood,  Wjre  Light 

Fiesh  Bay,  or  Bay  St.  Btas,  Africa,  Sooth  coa«t . 
Fleur  de  Lis  Harbor,  Newfoundland .... 
Flinders  Group,  Australia.  East  coast 

Flushing,  Belgium 

Fog  Islands,'Hang-chu  Bay,  China.  East  coast . 

Fogo  Island,  Newfoundland 

Folkestone,  Engl.-tnd 

Folly  Point,  Petitcoudiac  RItct,  Bay  of  Ptindy . 
Fongwhang  Group,  (Bullock   Harbor,)  China, 
Vfcst  coast 

For^ados  River.  Bight  of  Benin 

Fore  Carreah  River,  Africa,  West  coast  .     .     . 

Formby  Point.  England 

Formoia,  Mt,  Malacca  Strait 

Fort  Dauphin,  St.  DominKO 

Fortune  Bay,  Patagonia,  West  coast  .... 
Forward  Harbor,  British  Columbia  .... 
Foulness.  Crouch  River,  England      ,     .     ,     . 

Fowey.  England 

Fowler'sBay,  Australia,  South  coaat.     .     .      . 

Foi  Bay,  Falkland  Islands 

Foyte  Lough,  (Warren point.)  Ireland      .     .     . 

Foynes  Island,  Ireland 

France,  Poll  de,  oi  Noumea  Bay,  N.  Caledonia 
Francis,  St.,  Bay.  Tierra  del  Fu^o  .... 
Francis,  St.,  Cape,  Africa,  South  coast  .  .  . 
Fraser  River,  (entrance,)  British  Columbia  . 

Fraserburg,  Scotland 

Frechette  Island,  River  St  Lawrence      .     . 


TABLE  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AHO  CHANGE  DAYS,  Ac— CooCnucd, 


High  Water, 
Full  and  Change.  ' 


Frederick  Reef,  Australia,  Ea«  coast 
Frederick*haab,  Gteenlaod      .     . 
Fredrlken  Siel,  Germany    ,     ,     .      . 

Freydnet  Estuary 

Freycinet  Reach,  Shark  Bay,  Australia,  Nonh> 

Frio,  Porlo,  Brazil 

Fugloe  Fiord,  Fitroe  Islands   .     .     . 

Funchal  Bay,  Madeira 

Funk  Island,  Newfoundland    . 
Fury  Cove,  PalBgonia,  West  coast 
Fuiy  Harbor,  Tierra  del  Fuego     . 
Fuiy  Island,  Tlena  del  Fuego       .      . 
Fuiy  and  Hecia  Strait,  Arctic  Regions 


Gaboon  River,  Africa,  West  coast 
Gallant,  Fort,  Magellan  Strait  .     . 
Galle,  Poinle  de,  Ceylon,  South  coa 
Gallegos,  Port,  Patagonia,  East  coa 
Gallinas  River,  Africa,  West  coast 

Galloway,  Mull  of 

Galway,  Itelaad 

Gambia  River,  Africa,  West  coast . 
Gambier  Islands,  Australia,  South  coast . 
Gambler  Islands,  South  Pacific 
Garliestown,  Scotland,  West  coas 

Gartoch  Head 

Gsisp4  Basin.  Gulf  of  Si.  Laivrenc 

Geby,  Fohou  Island,  Gilolo  Passage,  Moluccas  ■ 

Geelong  Harbor,  Australia,  South  coast  . 

George,  Cape,  Nova  Scotia       .      . 

George  d'Elmina,  St.,  Africa,  West  a 

George,  Port,  Bay  of  Fuudy 


George,  St.,  Basin,  Australia,  Northwest  o 
George,  St.,  Harbor,  Newfoundland    . 
George's  Bay,  Tasmania      ....... 

George's,  St,  Sound,  Gulf  of  Mexico,  middle  en- 
George's,  St.,  Sound,  Gulf  of  Mexico,  i 

Getiah,  or  Viziadroog,  Hindoostan,  West  coast 

Germain,  St.,  France 

Ghubbet,  Gbazirah 

Ghubbet,  Ne,  Sokotra.  Indian  Ocean  . 
Ghubbet,  Gollonsir,  Sokotra,  Indian  Oi 
Ghubbet,  Hashish,  Arabia,  Southeast  a 
Gibraltar,  (new  Mole,)  Spain     .      .     . 

Giglia  Sound,  Scotland 

Giion  Bay,  Spain,  North  coast .  .  . 
Gilmorris  Island,  Africa,  West  coast  . 
Gipp's  Land   Lakes,  (entrance   to,)  Australia, 

South  coast. 
Gizrl  River,  Hindoostan,  West  coas 

Glasgow,  Scotland 

Glasgow,  Port,  Scotland      .     .     , 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Conrtnued. 


High  Water. 
Fult  and  Change. 


Glenan  lies,  France 

Glennie  Isles,  Australia,  South  coast .      .     .     . 

Gloucester,  England 

Gloucester,  Cape,  TIerra  del  Fuego    .... 

Gluckstadt,  Gennanjr 

Goa  Baj,  Hindoostan,  West  coast  .... 
Goapn^th  Point,  Hindoostan,  West  coast     .     . 

Goeree  Gat,  North  Sea 

Gogah,  Hindoostan,  West  coast 

Gold  Stream  Harbor,  America,  Northwest  coast 
Goiovnin  Bay,  America,  Northwest  coast     .     . 

Gomera,  Canary  Islands 

Gometra,LochTuadh,  Isle  of  Mull  .  .  .  . 
Gonaives  Bay,  St.  Domingo      ...... 

Good  Bay,  Nowfoundland 

Goods  Bay,  Patagonia,  West  coast  .... 
Good  News,  British  America.  Northwest  coast  ■ 
Good  Success  Bay,  Tiertadel  Fuego  .... 
Goodbout  River,  Gulf  of  St.  Lawrence  .  .  . 
Goold  Islaud,  Australia,  East  coast    .... 

Geole,  River  Humber.  England 

Gooria  Creek,  (entrance,)  Hindoostan,  West  c'st 

Goose  Cove,  Newfoundland 

Gorda  Sound.  Virgin  Islands 

Gore,  Pott,  New  Zealand 

Gorie,  Africa,  West  coast 

Goree  Road,  Tienra  del  Fuego 

Goulburn  Islands,  Australia,  North  coast     .     . 

Gourv,  France 

Gowlland  Harbor,  Discovery  Passage,  Vancou- 

Gracia  Point,  Strait  of  Magellan 

Giacias,  Cape,  Haibor,  Bay  of  Honduras      .     . 

Grand  Cestos,  Africa,  West  coast 

Grand  Harbor,  Grand  Manao,  Bay  of  Fundy     . 

Grand  Lahou,  Africa,  West  coast 

Grand  Passage.  Bay  of  Fundy 

Grand,  Port,  Mauritius 

Grand  Rusiico,  Prince  Edward  Island     .     .     . 

Gtande-digue,  Madame  I.,  Cape  Breton  Island  . 

Grande  Point,  Chile 

Granton  Piet,  Scotland 

Granville,  France 

Gravelines,  France 

Graves.  Port.  Howe  Sound,  Gulf  of  Geoi^gia, 
British  Columbia. 

Graresend,  England 

Gteat  Barrier  Island,  (Nagle  Cove,)  New  Zea- 
land. 

Great  Barrier  Reef,  Australia,  East  coast      .     . 

Great  Fish  Bay.  Africa,  West  coast     .... 

Great  St.  Lawrence  Harbor,  Newfoundland  . 

Great  Sandy  Strait,  Inskip  Point,  Australia, 
East  coast. 

Greatman  Bay,  Ireland •     .     . 

Green  Island,  River  St.  Lawrence       .      ■     ■     . 

Greencastle  Point,  Iietand 


TIME  OF  HIGH  WATER  OH  FULL  AND  CHANGE  DAYS,  ftc— Comiaued. 


High  Water, 
Full  and  Changf 


Greenock,  Scotland 

Greenwich,  England 

Green's  Harbor,  Newfoundland     . 
Gregory  Bay,  Magellan  Strait  .... 
Giegory,  Port,  Australia,  West  coast  .     .' 
Grenada,  (St,  George  Harbor,)  Caribbee  Island* 

Grenadines,  Caribbee  Islands 

Grey,  Port,  Swan  River,  Australia,  West  coast   . 

Grey  River,  New  Zealand 

Gieytown,  Mosquilo  Coast 

GiibanikaPt,  White  Sea 

Griffin  Bay,  Haro  Archipelago 

Griffilh  Island,  Barrow  Strait 

Griguet  Bays,  Newfoundland  ...;.. 

Giimsby,  England 

Grindstone  Island,  Baj  of  Fundy 

Grisnez,  Cape,  France 

Grondine.  River  St.  Lawrence 

Gruinard  Island,  Scotland,  West  coast     .'     . 

Guadaloupe,  (Point  f(  Pirre) 

Guajiaguayare  Bay,  Trinidad 

Guambacho  Bay,  Peru 

Guardafut,  Cape.  Africa,  East  coast     .... 

Guarmey  Bay,  Peru 

Guatulco.  Mexico,  West  coast 

Guayaquil,  Ecuador 

Guaymas,  Mexico,  West  coast 

Guernsey.  (St.  Peter  Port,)  English  Channel      . 
Guia  Narrows,  Patagonia,  West  coast      .     .     , 

Gulnchos  Kay.  Bahamas 

Guichen  Bay,  Australia,  South  coast  .... 

Gun  Cay,  Bahamas 

Gundavi   Rivet,  (entrance.)   Hindocstan,  West 

Guntleet  Sand,  England 

Gutzlalf  Island, China,  East  coast.     .     .     . 

Guysborough,  Nova  Scotia 

Gweedore,  (Bunbeg,)  Ireland 

Haarlem,  Netherlands 

Habitable  Island,  Lapland 

Habilanis  Harbor,  Cape  Breton  Island    ,     , 

Hachken  River,  Japan 

Haimun  Bay,  China  Sea 

Haiti,  Cape,  St.  Domingo 

Haiyun-tau,  (Thornton  Haven,)  Yellow  Sea , 
Hajamri  River,  Hindoostan,  West  coast.     , 

Halcluvt  Head,  Nova  Zembla 

Hakodadi  Harbor,  Yeio  Island,  Japan    . 

Halifax,  Nova  Scotia 

Hall  Bay  and  Gray  Harbor,  Patagonia,  West  c'st 

Hamburg,  Germany 

Hamilton,  Port,  (Korea,)  Yellow  Sea  .     .      . 
Hammelin  Pool,  Shark  Bay,  Australia,  North- 

Hammerfest,  Norway 

Haoimond  Knoll,  England,  East  coast    .     . 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &&— Continued. 


High  Water, 
Full  and  Change. 


Han-kau,  China,  West  coast 

Hangata,  Japan 

Hang-chu  Baj,  (Seshan  Islands^  China,  East  c'Gt 
Hang-chu  Bay,  (Fog  Islands,)  China.  East  coast 
Hang-chu  Bay,  (ChapooRoad.)China,  East  coast 
Hang-chu  Bay,  (off  Can-pu,)  China,  East  coast  . 
Hanover  Bay,  Australia,  Northwest  coast     .     , 

Hanover  Sound,  Bahamas 

Haasiul,  (mouthy)  Gulf  of  Kutch,  Hindoostan    . 

Hants  Harbor,  Newfoundland 

Harbor  of  Meicy.  Magellan  Strait       .... 

Harbor,  Grace,  Newfoundland 

Harbor  Island.  Nova  Scolia 

Hardy,  Port,  New  Zealand 

Haro  Strait,  (Channels  leading  to,  from  St.  Juan 
de  Fuca  Strait.) 

Harrington,  Port,  England 

Hartlepool,  England 

Hatvey,  Port,  (Call  Creek,)  Vancouver  Island    . 

Harwich,  England 

Hastings,  England 

Hastings  Harbor,  Bay  of  Bengal,  East  coast      . 

Hatiling  Bay,  Moluccas 

Haute  Isle,  Bay  of  Fundy 

Havana,  Cuba 

Havsnnah  Harbor,  Sandwich  Islands,  New  He- 

Haverford  west,  Wales 

Harre,  France 

Hawke  Bay,  New  Zealand 

Hawke  Bay,  Newfoundland 

Heart's  Content,  Newfoundland 

Hfauz  Lights,  France 

Heawandou  Pholo  Atoll,  Maldives    .... 

Heda  B^,  Japan 

Helena  St.,  Bay,  Africa,  West  coast  .... 
HelenaSt.,  Island,  South  Atlantic      .     .     .     . 

Helford,  England 

Helgoland,  German  Ocean 

Helier,  St.,  Jersey,  English  Channel    .     .     .     . 

Hellevoetsluis,  Netherlands 

Henry,  Port, .Patagonia,  West  coast    .... 

Heppens,  Germany 

Hernando  Island,  Strait  of  Georgia,  British  Co- 
lumbia. 
Hennite  Isle,  Australia,  West  coast   .      ...     , 
Heron  Islet,  Capricorn  Group,  Austrmlla,  Eaist  c'st 

Herraduia,  Pott,  Chile 

Herradura,  Nicoya  Gulf 

Hervey  Bay,  Australia,  East  coast  .... 
Hesqulat  Harbor,  Vancouver  Island  .... 

Hewett'Bay,  Tierra  del  Fuego 

Heybridge,  Blackwater  Rirer,  England   . 

Heynish,  Tiree  Island,  Scotland 

Hicks  Bay,  New  Zealand 

Hte-chechin  Bay,  China,  East  coast  .... 
Hl-ide,  Japan 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS, . 


High  Water, 
Full  and  Change. 


Hienlag,  Jutland 

Highbeid,  America,  Northweit  cotM  . 
Hillsborougb  River,  Cbarlottelown,  Prince  Ed- 

waid  I  aland. 
HniBbarau^(HaadorRirer,)PriaceEdwaKlI«'d 
Hillsborough  Island,  (New  Port,)BDDinUf-^- 

Hillsffick  firth,  Shetland 

Hiogo  and  Kobif  Baj,  Japan 

Hiitshals,  Jutland , 

Hoaksiel,  Germanj 

Hobarton,  Tasmania 

Hoe-e-tow  Bay,  China,  East  coast .     .      . 
Hokianga  River,  (entrance,)  New  Zealand    . 
Hokianga  River,  (K ok ohu.)  New  Zealand    , 

Hokilika,(Bar,)  New  Zealand 

HoUesley.  England 

Holmes  Bay,  America,  Northwest  coast  .     . 

HolsteinboTg,  Greenland 

Holj  Island,  England 

Holyhead,  Wales 

Hon-cohe  Bay,  China  Sea,  West  coaat  .  , 
Hondeklip  Bay,  Africa,  Southwest  soast .     , 

Honfleui,  Fiance 

Hongiiai  Bay,  China,  East  coast     .... 

Honolulu,  Sandwich  Islands 

Hongkong,  Qiina,  East  coast 

Hoogly  River,  (Eastern   channel  li^t'Vessel,) 

Bay  of  Bengal,  West  coast. 
Hoogly  Rivel,  Diamond  Harbor,  Bay  of  Bengal, 

West  coast. 
Hooper  Island,  Korea,  South  coast     .     ,     , 
Hope  Harbor,  Falkland  Islands    .... 
Hope  Sound,  (Mia-u-tau  Group,}  Yellow  Sea 

Hope  Weg  Light,  Germany 

Hopedale,  Labrador 

Horn, Cape, Tieriadel  Fuego 

Horn  or  Blaavand  Point,  J  utland  .... 

Horn  Reel's,  North  Sea 

Horion  Bluff,  Bay  of  Fundy 

Hougue.  La,  France 

Hourdel,  France 

Houl  Bay,  Africa,  West  coast 

Houtnian  Rocks,  Australia.  West  coast  .  . 
Howden,  River  Tyne,  England  .... 
Howe,  West  Cape,  Australia,  South  coast      . 

Howlh  Harbor,  Ireland 

Huacho  Bay,  Peru 

Huofo  Islands,  Patagonia,  West  coast  .  .  . 
Huapilinao  Head,  Patagonia,  West  coast      .     . 

Huasco,  Port.  Chile 

Huelva,  Port,  Spain 

Hui-Iing-san,  China,  South  coast  ..... 
HuildadIn1et,Patagonia,  West  coast  .  .  . 
Hu-i-tan  Bay,  China,  East  coast     ..... 

Hull,  England 

Hull  Bridge,  Crouch  River,  England  .... 
Hulu  Shan  Bay,  Yellow  Sea 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS.&e.-CoiJtinued. 


High  Water, 
Full  and  Change. ' 


Hungry  Poiat,  Australia,  South  coast      .     , 

Hunter  Island,  Bass  Etiait 

Hunter,  Port,  Australia,  East  coast     .     .     . 

Hurst,  (Camber,)  England 

Husum,  Denmark 

Icacoa  Point,  Trinidad 

Ichabo  Island,  Africa,  West  coast .... 

lengen,  New  Caledonia ,     , 

Ilfracombe,  England 

Iki,  Japan 

Ilha  Grande  Bay,  Paratio,  Biazil    .... 

Ilheo,  Port  d',  Africa,  West  coast  .     .     .     , 

Ilo-IIo,  Port,  Filipinas 

Inagua,  Bahamas       ........ 

Indefatigable  Island,  Galapagos    .... 

Independencia  Baj,  Peni 

'    'an  Tickle,  Labrador 

o  Point,  South  America,  East  coast  .  , 
IS,  (Gizree  Bunder,)  Hindoostan,  West  ci 

Inhambane  River,  Africa,  East  coast  .     .     . 

Inishbofin,  Ireland 

Inlshkeel,  Ireland 

Inishlurk,  Ireland 

Inkanskie,  White  Sea 

Inman,  Cape,  Tierra  del  Fn^o     .... 

Intsi  Point.  White  Sea 

Inveraiy,  Scotland 

Inverness,  Scotland 

Investigator  Road,  Australia,  North  coaat     . 

lona  Sound,  Scotland 

Ipswich,  England 

Iquiqui  Road,  Peru 

Ireland  Island,  Bermuda 

laidro,  St.,  Cape.  Magellan  Strait  .... 

Island  Harbor,  Choiseul  Sound,  Falkland  Isl'ds 

Island  Country  Harbor,  Nova  Scotia  .     . 

Islaj,  Peru 

Isle^ui-Coudres,  River  St.  Lawrence 

isles  de  Los,  Africa,  West  coast   .     .     . 

Isthmus  Bay,  Smnb  Chaanel  .... 

Ives,  St,  England 

Jacinto,  San,  Port  Ticao  Island,  Filipinas 

Jackson,  Port,  (North  Head,)  Australia   , 

JBcmel,  St.  Domingo 

Jafrabad,  Hindoostan,  West  coast .      ,     . 

lago.  St.,  Bay,  Magellan  Strait 

es  Island,  (Adam  Cove,)  Galapagos  TslaiKlB 
es  Island,  (North  side,)  Galapagos  Islands  . 
es  Island.  (West  end,)  Galapigfos  Islands    . 

lashk  Shoal.  Persian  Gulf 

task.  Cape,  Persian  Gulf 

Jebogue,  Bay  of  Fundy 

Jedore,  Nova  Scotia 

Jekatarina  Islands,  Lapland 

Jerba,  Mediti 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS. 


High  Water, 
FnllaadChuige. 


ierlcoacoua,  Bmil 
ersey,  (St.  HelieT,)  English  Channel.  .  .  . 
ersej.  (Reset) 
ervis  Bay,  Australia^  E^st  coast 
eifrat  Arabf,  Persian  Gulf 

Iezlrat  Hamar-ai-nafur,  Arabia,  Southeast  coa^t 
ezlrat  Idn.  Persian  Gulf 
ezlral  Kabr,  Persian  Gulf 
eifrat  Kais,  Persian  Gulf 

lezfrat  Kharg  or  Kireg,  Peiaian  Gulf      .     .      . 

Jeztrat  Larek,  Pecsian  Gulf 

[eziiat  Tutnb,  Persian  Gulf 

Jiddah,  Red  Sea 

Jijginsk  Island,  White  Sea 

Joao,  San,  Brazil 

Johanna  Island,  (anchorage) 

Johanna,  Pomany  Harbor,  Comoro  Islands  . 
John,  Pott.  America,  Northwest  coast      .      .     . 

John,  St.,  Bay  of  Fund; 

John,  St.,  Newfoundland,  East  coast  .  ,  .  . 
John,  St.,  Newfoundland,  Noitb  coast 

iohn,  St.,  River,  Africa,  South  coast  .  .  .  • 
ones'  Haibor,  Newfoundland 
onquiere  Bay,  Guif  of  Tanary 
oombas  River.  Africa,  West  coast  .  .  .  . 
osef,  San,  Port,  Patagonia,  East  coast  .  .  . 
ourimain  Island,  New  Biunswick  .  .  ,  . 
uan  de  Nova,  Madagascar 
nan  Fernandez  Island,  Chile 
uan,  San,  Porto  Rico 
uan,  San,  Port,  Peru 
uby,  Cape,  Africa 
uggee.  Seer  River,  Hlndoostan,  West  coast 
uist,  Germany 

Jukan  Islands,  Lapland 

Julian,  San,  Port,  Patagonia,  East  coast   .      .     . 

Juliaashaab,  Greenland 

Julien,  St.,  Harbor,  Newfoundland  .  .  .  . 
Junk  Fleet  Entrance,  Canton  River,  China   .     . 

'  unk  River,  Africa,  West  coast 

unkseylon  Island,  (East  side,)  Malacca  Strait  . 
Jura  Island,  (Small  Isles,)  ScoUand    .      .      .     . 

ura,  Feolin  Ferry,  Scotland     ...... 

Juria,  Hindoostan,  West  coast 

Kaikora  Penin,  New  Zealand 

Kaipara  Harbor,  (entrance,)  New  Zealand    .     '. 

Kalang  Bayang  Harbor,  Java 

Kalgalakska,  White  Sea 

Kalian  Point,  Banks  Strait 

Kandalaksha,  White  Sea 

Kanushin,  Cape,  White  Sea 

Kapiti  Island,  New  Zealand 

Karachi,  Manora  Point,  Hindoostan,  West  £"81 . 

Karakoa  Bay,  Hawaii 

Kata  Channel,  Japan ' .     . 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS,  &c.— Conlinued. 


High  Water, 
Full  and  Cbaage. 


Katwyk,  Netherlands 

Kawau  Island,  New  Zealand 

Kawhia  Harbor,  New  Zealand 

Keats,  Port.  Australia,  North  coau     .      .      .     . 

Kediw&i  River,  Hindoostan 

Keelacarry,  Cefloa 

Kedgeree.  Bay  of  Ben^ 

Keeling  Islands,  (Pon  Refuge,)  Indian  Ocean  . 
Kegashlia  Bay,  Gulf  of  St.  I^wrence  .  .  .  . 
Kelung  Harbor,  (Formoza,)  China  Se.i,  East  c'si 
Kenmare  River,  (West  Cove,)  Ireland      .     .     . 

Kenn  Reef,  Australia,  East  coast 

Kent  Group,  Bass  Strait 

Kentish  Knock,  England 

Keppel  Bay,  Australia,  East  coast       .     ,     ,     . 

Keret,  White  Sea 

Keret  Point,  White  Sea 

Kerguelen  Island,  Indian  Ocean 

Kesm,  Persian  Gulf 

Khdr  Jerdmeh,  Arabia,  Southeast  coast   • 

KbAr  as  Shein,  Persian  Gutf 

KhAr  Rabbigy,  Arabia,  Southeast  coast  .  .  . 
Kijouk  Phyou  Harbor,  Bay  of  Bengal     .     .     . 

Kilbaha,  Ireland 

Kilda,  St.,  Hebrides 

Kildin  Island,  Lapland 

Kilkieran  Cove,  Ireland 

Killala  Bay,  Ireland 

Killeany  ^y,  Arran  Islands,  Ireland  .... 
Kil1Jngbolme,(Humber  River,)  England       .     . 

Killybegs,  Ireland 

Killyleagh,  Ireland 

Kitmichael  Point,  Ireland 

Kilrusb,  Ireland 

Kincardine,  Fitlh  of  Forth,  Scotland  .... 
King  Island,  Bass  Strait,  Franklin  Road  .  . 
King  Island,  Bass  Strait,  Sea-Elephant  Bay  .     . 

King,  Pon,  Falkland  Islands 

King  Sound,  Australia,  West  coast  .... 
King  George  Sound,  Australia,  South  coast.     . 

King's  Cove,  Newfoundland 

Kingsbridge,  England 

Kingston,  Australia,  South  coast 

Kingstown,  Ireland 

Kinsale,  Ireland 

Kinsiang  Point,  China,  EJist  coast       .... 

Kircubbin,  Ireland 

Kirindi,  Ceylon 

Kirkcudbright,  Scotland 

Kirkwall,  Orknevs 

Kirpon  Harbor,  Newfoundland 

Kishm.    (See  Kesm.) 

Kiswara  Harbor,  Africa,  East  coast    .... 

Kitnapatnam,  Bay  of  Bengal,  West  coast 

Kiu-kiang,  China,  West  coast 

Klaskino  Inlet 

Klaskish  Inlet,  Vancouver  Island      .... 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  D A YS,  &c.-Continu«d. 


Klemtoo  Passage,  Aroerica,  Northwest  coast 
Klewnuggel  lalet,  America,  Northwest  coast 

Knox  Bay,  Vancouver  Island 

Knysna  Harboc,  Arrica,  South  coast  ,     ,     . 

Koclwatte  Bay,  Moluccas 

Koepang,  Timor 

Kokohu,  New  Zealand 

Ko-ltun-io  Group,  Korea 

Kok-si-kon,  Port,  Formosa 

Koombanah  Bay,  Australia,  West  coast  .     . 
Kori   or   Lukput   River,   Kotasir,  Hiadoostau, 
West  coast. 

Kouloi  River 

Kou  Zomen,  White  Sea 

Kovda  Bay,  White  Sea 

Koweyt,  Persian  Gulf 

Kowie  River,  Africa,  South  coast  .... 

Krakatoa,  Strait  of  Suoda 

Kiidi  River,  Hlndoostan,  West  coast  .  .  . 
I  Harbor,  Korea,  South  coast  .  .  . 
Kuper,  Port,  America,  Northwest  coast  .  . 
Kuriyfin  Muriy&i  Bay  and  Islands,  Arabia  . 
Kurrachee.  (See  Kar&:hi.) 
Kutch,  Gulf  of,  (mouth,)  Hindoostan  .  .  . 
Kweshan  Islands,  China,  East  coast   .     ..     . 

Kyau-chau  Bay,  Yellow  Sea 

Kyem  River,  White  Sea 

Kykduin,  Netherlands 

Kyle  Akin,  Loch  Alsh,  Scotiaod   .... 

Kyle  Rhea,  Scotland 

Kynumpt  Harbor,  America,  Northwest  coast 
Kyuquot  Sound,  VaacoDvet  Ishud    .     ,     . 

La  Poile  fiay,  Newfoundland 

Labuaa  Island,  Victoria  Harbor,  Borneo 
Labyrinth  Islands,  Magellan  Strait  .  . 
Lacul  Harbor,  St.  Domingo 


Lagos,  Portugal 

Lagos  River,  (Bar,)  Bight  of  Benin  ,  . 
Lagos  River,  (Consulate  Wharf)  .  .  . 
Lagos  River,  (Palaver  Islands)      .     .     . 

Laguimanoc,  Port,  Luzon 

Laguna  de  Terminos,  Gulf  of  Mexico 
Lakadivb  Group,  Hlndoostan,  West  coast 

Lamalin.  Newfoundland 

Lambayeque  Road,  Peru 

Lamlash,  Scotland 

Lamo  Harbor,  Africa,  B^st  coast   . 

Lancaster,  England 

Landshipping,  Cleddau  River,  Wales 

Langeoog,  Germany 

Langshan  Crossing,  Yang-tse-Kiang  .     . 
Lankeel  Island,  Canton  River,  China 
Lansew  Bay,  China,  East  coast 
Lanzarote,  Canary  Islands 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,&c.— Cominued. 


Laredo  Baj,  Magellan  Strait 

Largs.  Scotlaod 

Laik  Haibor,  Newfoundland 

Lalham  Island.  Africa,  East  coast .  .  .  . 
Latitude  Bay,  Tierra  del  Fucgo     .     ,     .     . 

Lau-mu-ho,  Yellow  Sea 

Laun.  Great  and  Little,  Newfouadland  .  . 
Laura  Harbor,  Tierra  del  Fuego  .     .     .      . 

Uoremw.  Wales 

Lavata  Bay,  Chile 

Lawrence,  Great  St.,  Harbor,  Newfoundland 

Le  Have,  Cape,  Nova  Scotia 

Le  Have,  Nova  Scotia,  Crooked  Cbannel  . 
Le  Have,  Mother's  Island   ...... 

Le  Have,  Gelson's  Cove 

Le  Have,  Bridgewater,(McKeaa'8  Wharf)  . 
Le  Have,Lunenburg,(Spid]e['sCoTG)  .  . 
Le  Maire  Strait,  Tierra  del  Fuego       ,      .     . 

Leervig  Fiord,  Fierce  Islands 

Leith,  Scotland 

Leman  Sboal,  England,  East  coast  .  .  . 
Lennox  Cove,  Tierra  del  Fuego     .     .     .     . 

Leopold,  Port,  Barrow  Strait 

Lepreau,  Baj  of  Fuudy 

Lerwick,  Shetland 

L'Etang  Harbor,  flay  of  Fundy      .     .     .     . 

Leubu  River,  Chile 

Leven,  Port,  Madagascar 

Levrier  Bay,  Africa,  West  coast     .     .     .     . 

Lewis,  St.,  Sound,  Labrador 

Liant.Cape  Gulf  of  Siam,  China  Sea,  Westc 

Liau  Ho,(Bar,)YeliowSea 

Liau  Ho,  (entrance) 

Liau-tuQg,  Chingho,  Yellow  Sea  .  ,  .  , 
Liau-tung  Gulf,  (Sand  Point,)  Yellow  Sea  , 
Liau-tung,  Northwest  Head  of  Gulf  .     .      . 

Liefkensbock 

Limb£  Strait,  Moluccas 

Limerick,  Ireland 

Lin  mouth,  England 

Lindy  River,  (entrance,)  Africa,  East  coast    . 

Lingeh,  Persian  Gulf 

Linlia  Island,  Canton  River,  China,  East  cos 

Lisbon,(Be]em,)  Portugal 

Liscanor  Bay,  Ireland 

Liscomb  Haibor,  Nova  Scotia 

Lishan  Bay,  China,  £^t  coast 

Lissa,  Adriatic 

Lisierdeep,  Fairway  Buoy,  Denmark  , 

Lister  Roads 

Lilau  Bay,  Yellow  Sea 

Litke  Ridge,  While  Sea 

Little  Fish  Bay,  Africa,  West  coast     .     .     . 

LliIlehamptOD,  England 

Little  Metis,  Gulf  of  St.  Lawrence      .     . 
Little  Milford  Quay,  River  Cleddau,  Wales  . 
Little  Natashquan,  Gulf  of  St.  Lawrence 
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TIME  OF  HIGH  WATER  ON  FULL  AKD  CHANGE  DAYS,  &e.— Continued. 


High  Water, 
Full  and  Change. 


Little,  Port,  Newfoundland 

Little  Tancock  Island,  Nova  Scotia    .     .      . 

Liverpool,  England 

Liverpool  Bay,  Nova  Scotia 

Liverpool  River,  Austtalia 

Liza  Bay,  Lapland 

Lizard  Island,  Australia,  East  coast    . 
Lizard  Point,  (Perran  Vose  Cove,)  England 

Llanelly,  (Bar.)  Wales 

Lloyd,  Port,  Bonin  Islands 

Loanda,  San  Paul  de,  Africa,  West  coast 
Loanffo  Bay,  Africa,  West  coast     .... 

Lobah  Point,  Banka  Strait 

Lobito  Bay,  Africa,  Southwest  coast  .      ,     . 

Lobo  Point,  Peru 

Lobos  Cay,  Bahamas 

Lobos  Head,  Patagonia,  West  coast   .     .     . 

Loch  Aline,  Scotland 

Loch  Alsh,  Scotland 

Loch  Boisdale,  Scotland 

Loch  Broom,  Scotland 

Loch  Carron,  Scotland 

Loch  Cuan,  Scotland       . 

Loch  Duich,  Scotland 

Loch  Dunvegan,  Scotland 

Loch  EiI,(Head  of  Loch,)  Scotland    ,     .     . 

Loch  Eport,  Scotland 

Loch  Eriboil,  Scotland 

Loch  Erisort,  Scotland 

Loch  Etive,  Sionefield,  Scotland     .... 

Loch  Etive,  Bunawe,  Scotland 

Loch  Ewe,  Scotland 

Loch  Fleet,  Scotland 

Loch  Goil,  Scotland 

Loch  Harport,  Scotland 

Loch  Hotim,  Scotland 

Loch  Inver,  Scotland , 

Loch  Laxford.  Scotland 

Loch  I.,even,  (Head  of  Loch,)  Scotland    .      . 

Loch  Linnhe,  Scotland 

Loch  Long.  Scotland      ,,.,... 

Loch  Matldy,  Scotland 

Loch  Moidart,  Scotland 

Loch  Nevis,  Scotland 

Loch  Roag,  Scotland 
Loch  Rvan, (Head  of  L_. 
Loch  Stiport,  Scotland  . 

Loch  Strivan,  Scotland 

Loch  Sunan,  Scotland 

Loch  Tatberl.  West,  Harris  Island,  Scotland 
Loch  Tarbert,  East,  Harris  Island,  Scotland  . 
Loch  Tarbert,  West,  Argylesblre,  Scotland  . 
Loch  Tarbert,  East.  Argylesbire,  Scotland    . 

Loch  Tongue,  Scotland 

Loch  Torridon,  Scotland 

Loch  Tuadh.  Scotland 

Lofoten  Islands,  Norway 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  D AVS,  &c.— Continued. 


High  Water, 
Full  and  Chaage. 


Lohey^L,  Red  Sea . 

Loire  River,  (St.  Naiaire,)  France 

Lomas  Point,  Peru 

Lombock,  (Ampanam  Baj,)  Java  Sea      .      .     . 

London  Bridge,  England 

London  Docks,  England 

Londonderry,  Ireland 

Looe,(Easc,)  England 

Lopez,  Cape,  Africa 

L'Orient,  (Port  Louis,)  France 

Lord  Howe  Island,  South  Pacific 

Lorenzo,  St.,  Channel,  Mexico,  West  coast    .     . 

Lo-shan-kau,  Yellow  Sta 

Lough  Larne,  Ireland .     . 

Lough  Rossmore,  Ireland 

Louis,  Port,  France 

Louis,  Port,  Mauritius 

Louis,  St.,  Bay,  St.  Domingo 

Louisburg  Harbor,  Cape  Breton  Island  .      .     . 
Low  Bay,  Falkland  Islands      ...... 

Low  Inlet,  America,  Northwest  coast.  .  .  , 
Low,  Port,  Patagonia,  West  coast . 

Lowestoft,  England 

Laubo  River,  (entrance,^  Africa,  East  coast  .     . 

Lucipara  Pass,  Banlta  Strait 

Lukpui,  Kori  River,  Hindooetaa,  West  coast  . 
Lunaire  Bay,  St.,  Newfoundland     ..... 

Lundy  Island,  England 

Lung-muQ  Harbor,  Yellow  Sea 

Ljme  Regis,  England 

Lymington,  England 

Lynn  Deep,  England 

Lynn  Harbor,  England 

Lynn  Road,  England 

Lyiiellou,  Pon,  New  Zealand 

Mabou  River,  Cape  Breton  Island      .... 

Macah^,  Brazil 

Macao,  China,  East  coast 

Macassar,  Celebes 

McDougall  Harbor,  Africa,  Southwest  coast 
McLaughlin  Bay,  Northwest  coast  of  America  . 

Maceio,  Brazil 

Machias,  Seal  Island,  Bay  of  Fundy  .... 

Macowa,  Red  Sea 

Macquarie  Harbor,  Tasmania 

Macquarie,  Port,  Australia,  East  coast  .  .  . 
Macquereau  Point,  Gulf  of  St.  Lawrence     .     . 

Madame  Island,  Madagascar 

Madoc,  Port,  Wales 

Madras  Road,  Coromandel  coast 

Magadoxa,  Africa,  East  coast 

Magdalen  Islands,  Gulf  of  St.  Lawrence  .  . 
Magdalen  River,  River  St.  Lawrence  .  .  .  , 
Magdalena,  Santa,  Island,  Magellan  Strait  .  . 
Magdalene  Bay,  California 


TABLE  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS, &c— Contiaoed. 


High  Water, 
Full  twd  Change. 


Springs.    Neaps. 


MahatD  Island,  Africa,  East  coast .  .  . 
Mahneah  River,  Africa,  West  coast     .     . 

Mahonc  Bay,  Nova  Scotia 

Mahane  Bay,  Heckman's  Anchotagc .  . 
Mahone  Bay,  Prince's  Inlet      .... 

Mahone  Bay,  Ham  Island 

Mahone  Bay,  Martin's  River     .... 

Mahone  Bay,  Chester 

Mai  Island,  Nen  Hebrides 

Maiden  Rocks,  Ireland,  Northeast  coast . 

Maiko.  Fort,  Japan 

Majatnbo  Bay,  Madagascar  .... 
Makilein,  Arabia,  Southeast  coast  .  . 
Makelleh,  Arabia,  Southeast  coast  ,  . 
Makongal  Island,  Fiji  Islands  .  .  . 
Mabumba  River,  Madagascar  .... 
Makung  Harbor,  Pescadres,  China  Sea   . 

Malabrigo,  Port,  Peru 

Malacca  Straii,  (light- vessel,  One  Fathom  Bank) 
Malacca  Strait,  (off  Mount  Formosa) . 
Malacca  Road,  Malacca  Strait .      .      . 

Malaga,  Spain 

Matahide  Inlet,  Ireland 

Malcolm  Atoll,  Maldives     .... 
Maldon,  Chelmer  River,  England  .     . 

Malt,  Maldives 

Malludu  Bay,  Borneo 

Malo,  St.,  France 

Malpelo  Point,  Peru 
Man-of-War  Cay,  Baha 

Mana  Island,  New  Zealand 

Manama,  Persian  Gulf 

Manawatu  River,  New  Zealand 

Mancenilla  Bay,  St.  Domingo 

Mandwa  Creek,  Hindoostan,  West  coast  .  , 
Mangalore,  Hindoostan,  West  coast    .... 

Manganiloe  Bar,  Moluccas 

Mangarol  Bunder,  Hindoostan,  West  coast  .  . 
Manicouagon  River,  River  St.  Lawrence.  .  . 
Manila,  (Luion  Island,)  China  Sea,  East  coast  . 
Manning  River,  AuBlralia,  East  coast.  .  .  . 
Manorah  Rivei,  Hindoostan,  West  coast .     .     , 

Manta,  Pori,  Ecuador 

Manau,  Navigators  Islands 

Manukau  Harbor, (entrance,)  New  Zealand 
Manybtanch  Harbor,  Falkland  Islands   .      .     . 

Maple  Bay,  Vancouver  Island 

Maplin  Light,  (Thames,)  England  .... 
Maquereau  Point,  Gulf  of  St.  Lawrence  ,  , 
Maracas  Bay,  Trinidad,  Caribbee  Island  .     ,     , 

Ma  ran  ham,  Brazil 

March  Harbor,  Tierra  del  Fuego 

Marcouf,  St.,  France 

Mare  Harbor,  Falkland  Islands 

Margarets,  St.,  Bay,  (Shut-in  Island,)  Nova  Scotia 
Margarets,  Newfoundland  . 
Margate,  England      .     .     . 


TIME  OP  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  fie— Condnued. 


High  Water, 
Full  and  CIuDge. 


Maria,  Cape,  Sakhalin  Island,  Sea  of  Okbotsk  . 

Maria,  Santa,  Island,  Chile 

Maria  Van  Diemen,  Cape,  New  Zealand .     .     . 

Marion  Bay,  Australia,  South  coast    ,     .     .     , 

Maristow,  River  Tavy,  England 

Marioribanks  Harbor,  Korea,  West  coast     .     . 

Mark,  St.,  Bajr  of,  St.  Domiogo 

Marka,  or  Muerka,  Africa,  Ejist  coast      .     .     , 

Maroni  Bay,  Coiaoro  Islands 

Moroni  River,  Guayana 

Martaban,  Bay  of  Bengal 

Martin,  St.,  Core,  Tierra  del  Fueffo     .     .     .     . 

Martin,  St.,  Cove,  Cape  Horn  Islands,  Tierra 
del  Fuego. 

Martin,  St.,  de  la  Arena,  Spain,  North  coast .     . 

Martin  Vas  Rocks,  South  Atlantic      .... 

Martinique,  Robert  Harbor,  Carribbean  Sea ,     , 

Mary,  Cape,  St.,  Newfoundland 

Mary,  St,.  Harbor,  Madagascar,  East  coast    ,     . 

Mary,  St.,  Harbor,  Newfoundland 

Maiy.  Pott,  St.,  Jsle  of  Man 

Mai}-,  St.,  Scilly  Islands 

Maryport,  England 

Mascai,  Persian  Gulf 

Mason  Bay,  New  Zealand 

Massacre  Bay,  (Tasman  comer,)  Now  Zealand  . 
Massacre  Bay,  Motu  Pipi  River,  New  Zealand  . 

Massowah,  Red  Sea 

Maian  River,  Gulf  of  St.  Lawrence     .... 

Matoya  Harbor.  Japan 

Matuku.  Fiji  Island 

Maule  River,  Chile 

Maullin  River,  Chile 

Maulmain,  Bay  of  Bengal 

Mauritius,  (Port  Louis) 

Mauritius,  (Grand  Port) 

Mayday  Bay,  Palawan 

Mayhf  Island,  Indian  Ocean 

Mayne  Harbor,  Smyth  Channel 

Mayoita  Island,  Mozambique 

Mayumba,  Africa,  Southwest  coast      .... 

Mazambo,  Port,  Madagascar 

Mazattan,  Mexico,  West  coast 

Mbau  Roads,  Fiji  Islands 

Mboli  Harbor,  Florida  Island,  Solomon  Islands 
Meichen  Sound,  China,  East  coast  .... 
Melbourne,  Australia,  South  coast      .... 

Melinda,  Port,  Africa,  East  coast 

Mellacoree  River,  Africa,  West  coast .... 
Mellish  Reef,  (Sand  Cay,)  Australia,  East  coast . 

Mellon.  Ireland 

Me!o,  Port,  Patagonia,  East  coast 

Memory  Rock,  Bahamas     .     .  .... 

Menadou  Bay,  Cape  Breton  Island     .... 

Menam  River,  (Pak nam,)  China  Sea,  West  coast 
Mensular  Island,  (Southeast  end,)  Sumatra  .  . 
Merb&t,  Arabia,  Southeast  coast 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  Ac.-Cominued. 


High  Water, 
Full  and  Change. 


Springs.    Neap*. 


Meic?  Bay,  Banks  Land 

Mercuiy  Baf,  New  Zealand 

Mcrgui,  Bay  of  Bengal,  East  coast      .     .     . 

Merigomish,  Nova  Scotia 

Merville,  France 

Mctalanim,  Port,  Caroline  Islands  .  .  . 
Metlahcaiiah,  America,  Northwest  coast ,     . 

1/ltivay,  Port,  Nova  Scotia 

Mevagiiey,  England    ....         ... 

Mexillones,  Pon,  Bolivia 

Mezen,  White  Sea 

M'hul  Dwarka.  Hindoostan,  West  coast  .  . 
Miau-tao,  {Dep6t  Bay,)  Yellow  Sea     .     .     . 

Miaveness,  Faeioe  Islands 

Michael,  St.,  Azores 

Michael  Seymour,  Port,  Gulf  of  Tattary  ,  . 
Middle  Cove,  Tierra  del  Fuego  .... 
Middle  Island,  Patagonia,  West  coast  .  . 
Middlesbrough,  River  Tees,  England  .  . 
Middleton  River,  Bight  of  Benin  .     .     ,     . 

Middleton  Reef,  South  Pacific 

Midway  Island,  North  P&ci&c 

Mlfpieloti  Road 

Mikuni  Roads,JapaD 

Milfnrd  Haven,  (St.  Ana  Light-house,)  Wales 
Milford  Sound,  New  Zealand,  Middle  Island 
Millman  Island,  Palawan,  West  coast  .  . 
Millport.  Cumbrae  Island,  Scotland  .  .  . 
Min  River,  (Temple  Poini,t  China,  East  coast 
Min  River,  (Losing  Island,)  China,  East  coast 
Mindanao,  South  Point,  Filipinas  .... 

Mjnehead,  England 

Mingan  Haibor,  Gulf  of  St.  Lawrence     .     . 
Mingan  Island,  Gulf  of  St.  Lawrence      ,     , 
Minimegash,  Prince  Edward  Island    . 
Minow  Islands,  Madagascar,  West  coast 

Minquiers  Rocks,  France 

MiramicM,  (Bar,)  Gulf  (rf  St.  Lawrence   .     . 

Mira-poT-vos,  Bahamas 

Mirs  Bav,  (Tide  Cove,)  Cbini,  East  coast      .     , 

Miscou,  Gulf  of  St.  Lawieocc 

Mislanoque,  Labrador 


Miwarajapan 

Moala,  Fiti  Islands 

Mocha  Island,  Chile 

Mocha  Road,  Red  Sea,  East  coast . 

Moerdijk 

Mogndor,  Africa.  West  coast  .  . 
Molyneux  Bay,  New  Zealand  .  . 
Mombaza,  Port,  Africa,  East  coast 
Monach  Islands,  Scotland,  West  co: 
Monckton,  (Railway.)  Bay  of  Fund' 
Mondego,  (Bar,)  Portugal  .  .  . ' 
Monganui  Harbor,  New  Zealand  . 
Monrovia,  Africa,  West  coast  .  . 
Montagu,  South  Australia,  East  coa 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DA YS. &c.— Conrinued. 


High  Water. 
Full  and  Change. 


Monte  Video,  South  America,  East  coast-  .  . 
MoDigomery  Isles,  Australia,  West  coast      .     . 

Montrose,  Scotland .     .      . 

Moms,  Poiat  de.  Gulf  of  St.  Lawrence  .  .  . 
Montt,  Pott,  Reloncavi  Sound,  Chile  .     .     .     ■ 

Moreiutiube,  England .     . 

Moreno,  (Consf.lucion  Road,)  Peru  .  .  ,  . 
Moreton  Bay,  Ausiratia,  East  coast  .  .  .  . 
Horeirellhain,  River  Tamar,  England      .     . 

Morjoveia  Island,  White  Sea 

Morlaix  Road,  France 

Morro,  (Sandy  Point,)  Ecuador 

Mossel  Bay,  Africa,  South  coast     .      ,      .     .     . 

Moudiuga  Island,  White  Sea 

Mount  Louis  Bay,  River  St.  Lawrence  ,  .  . 
Mourondava,  Madagascar,  West  coast     .     .     . 

Mouton,  Port,  Nova  Scotia 

Movi  lie,  Ireland 

Mowah  Bunder,  Hindoostan,  We^it  coast  .  . 
Mozambique  Harbor,  Africa,  East  coast.       .     . 

Mucaras  Reef,  Bahamas 

Muerka.    (See  Marka.) 

Mugeres  Harbor,  B.-ty  of  Honduras    ,     .     .     . 

Mull  of  Cantyie,  Scotland 

Mulror  Bay,  (Bar,)  Ireland 

Mumbles  LiKhl-house,  Wales 

Mungalaum  Island, China  Sea, East  coast  '.  . 
Mongullo  or  Mongallo  River,  Africa,  East  coast 
Murray  Islands, '1  otres  Strait  .     ,      .      i     .      . 

Musa,  Port,  Babuyan  Islands 

Mutiah  River,  (entrance  to  Biddah  River,)  Bay 

of  Bengal,  West  coast. 
Mutlah,  (Muda  Kali.)  Bay  of  Bengal,  West  coast 
Mutton  Island,  Ireland,  West  coast    . 
Myggenaes  Fiord,  Fseroe  Islands  .     , 

Na  Valu  Reef,  South  Pacific  .  .  . 
Nakfe  River,  Bay  of  Bengal,  East  coast 
Naalsoe  Fiord,  Fzroe  Islands  .  .  . 
Nafa-Kiang,  Loo  Choo  Islands      .     . 

Nagasaki  Bay,  Japan 

Nagore,  Bay  of  Bengal,  West  coast     . 
Nairai  Island,  F[jt  Islands  ,     .     .     , 
Namki  Islands,  (^hina.  East  coast       . 
N.amoa  Harbor,  China  Sea,  West  coast    . 
Namoa   Island,   (Clipper   Road,)  China,    East 

Namquan  Harbor,  China,  East  coast  .  . 
Namu  Harbor.  America,  Northwest  coast 
Nanaimo  Harbor,  Gulf  of  G«orgia,  Vanco 

NancDwiy  Harbor,  Nlcobar  Islands  ,  , 
Nandi  Passage  and  Bay,  South  Pacific  . 
Nangamessie  Hatbor,  Sumba  .... 
Nangka  Island,  Banka  Strait  .... 
Nanoose  Harbor,  Vancouver  Island  .  . 
Napoleon  Road,  Gulf  of  Tartary    .     ,     . 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  D AYS, ^.— Contiaoed. 


High  Water, 
Full  and  Change. 


Springs.    Neaps. 


Narriada  Bay,  Madagascar,  West  coast   . 

Narrows,  (Fiisl,)  Magellan  Strait  .     .     . 

Narrows,  (Second,)  Magellan  Strait    .     . 

Nanilo,  (Pukura,)  Japan 

Nash  Point,  Bristol  Channel    .     .     .     , 

Nasparte  Inlet,  Vancouver  Island       .     , 

Nass  Bay,  America,  Northwest  coast  .     . 

Nassau,  New  Providence,  Bahamas  ,  , 
.  Nassau  Bay,  Tierra  del  Fuego  ,  .  . 
I  Naial,  Poit,  Africa,  South  coast      .     .     . 

Natuialiste   Channel,  Shark's    Bay,  Australia, 
Northwest  coast. 

Navallo,  Port,  France 

:  Nazaire,  St..  France 

I  Naie,  The,  England 

I  Nealh,  Eiigland 

.  Needle's  Point,  England      .     ,     .     , 

Negapatam,  Bay  of  Bengal  .... 

Negro  Harbor.  Nova  Scotia      .     .     . 

Negro  River,  Patagonia       .... 

Nelson,  New  Zealand      ..... 

Nelson,  Port,  Australia,  NorlhweBt  co 

Nemoro  Anchorage,  Japan  .... 

Nempkish  River,  Vancouver  Island   . 

Nerbudda  River,  (Broach  Point,)  Hfndoosian, 
West  coast. 

Neuf,  Port,  Gulf  of  St.  Lawreuce  . 

Neof,  Port,  River  St.  Lawrence 

Neuharlinger  Siel,  Germany     .     , 

Neuzen  or  Terneuse,  North  Sea 

Neville,  Port,  Vancouver  Island    . 

New  Providence,  Souihwesi  Bay,  B     .  .. 

New  Periican  Harbor,  Newfoundland 

New  River,  New  Zealand    .... 

New  Ross,  Ireland 

New  Year  Sound,  Tierra  del  Fuego  . 

Newcastle,  Australia,  East  coast    .     . 

Newcastle,  England  .,..., 

Newcastle,  Ireland 

Newhaven.  England 

Newport,  Wales,  South  coast    ,     .     . 

Newport,  Wales,  West  coast     ,     .     . 

New  Quay,  Wales -     -     . 

Newton  Stewart,  Carty  Quay,  Scotland,  West 

Ngaloa,  Fiji  Islands 

Nhairang  Bay,  China,  West  coast .... 
Nicholas,  St.,  Harbor,  Gulf  of  St.  Lawrence  . 

Nicholas,  St.,  Port,  Peru 

Nicholson,  Fon,(Lambton  Harbor,)  New  Zea- 

Nicobar    Island,  (Nancowty   Harbor,)    Indian 

Nicolas,  St.,  Bay,  Magellan  Strait 

Nicoya  Gulf,  (Pon  Herradura,)  Central  America 
Nieuport,  Belgiutn    ,      .     . 
Nieuwediep,  Netherlands    . 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Continued. 


igh  Water, 
Full  and  Change. 


Nicer  RiTei,(Nun  enirance,)  Africa,  West  coai 
Nikotskol  Channel.  White  Sea      .... 

Nikolskoi  Tower,  While  Sea 

Nimrod  Sound,  China,  East  coast .... 
Ninepin  Group,  China,  East  coast      .     ■     > 

Ning-hai,  Yellow  Sea 

Nin-po-fu,  Yung  River,  China,  East  coast  . 
Nisqually,  America,  Northwest  coast      .     . 

Noacah  Island,  Scotland 

Noarlunga,  Port,  Australia,  South  coast .     . 

Noel  Bay,  Bay  of  Fundy 

Noir  Island, Tierra  delFuego 

Noitmoulier,  France 

Nolloth,  Port,  Africa,  Southwest  coast  .  . 
Noolka  Sound,  Vancouver  Island      ,     .     , 

Nordernej,  Germany 

Nore,  England 

Norfolk  Island,  South  PauGc 

North  Balabac  Strait,  China,  East  coast  .  . 
North  Cape,  Cape  Breton  Island .... 

North  Harbor,  Newfoundland 

North  Sands,  Malacca  Strait 

Nosari  Khari,  (Bar.)  Hindoostan,  West  coast 

NosB  Island,  Madagascar 

Noiske  Bay,  Japan 

Noumea  Bay,  New  Caledonia 

Nova  Zembla  Harbor,  Lapland      .... 

Novogorod  Bay,  Korea 

Nowanugga,  Hindoostan,  West  coast       .     . 
Nuchatlitl  Inlet,  Vancouver  Island    . 
Nuevo  Gulf,  Patagonia,  East  coast     .     .     . 

Nuevo.  Port,  Central  America 

Nukulau,  Port,  Fiji  Islands 

Numa-choa.  Comoro  Islands 

Nunei  River,  Africa 

Nyminde  Gab,  Jutland 

Nysna  or  K  nysna  HarboT,  Africa,  South  coast 

Oazy  Harbor,  Magellan  Strait 

Oban,  Scotland 

Obb  of  Harris,  Isle  of  Harris,  Scotland  .  . 
Observatory  Inlet,  America,  Northwest  coast 
Observatory  Island,  China  Sea,  East  coast  . 

Octavia  Bay,  New  Granada 

Oelar,  Cape,  Banka  Strait 

Ofden  Channel,  America,  Northwest  coast . 

Oho  Sima,  Loo  Choo  Islands 

Oibo  Harbor,  Africa,  East  coast  .... 
Okarito  Lagoon,  New  Zealand  .... 
Old  Providence,  Bay  of  Honduras     .     .     . 

Olenji  Islands,  Lapland 

Oleron,  Isle  d',  France 

Olga  Bay,  Gulf  of  Tartary 

Omaider  Island,  Gulf  of  Akabah,  Red  Sea  . 
Omersari  River,  Hindoostan,  West  coast 

Oraonvillc,  France 

'Om-rasas-Masfrah,  Arabia,  Southeast  coast 


Springs.    Neaps. 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &&— Contlnned. 


High  Wotei, 
Full  and  Change, ' 


One-Fathom- Bank  Light,  Malacca  Sirali 

Onega  River,  White  Sea 

Ono  {glands,  South  Pacific 

Oolaogan  Bay,  China  Sea,  East  coast  .  . 
Oonting,  Port,  Loo-Choo  Islands  .  ,  ,  , 
OSsaka  River,  (entrance,)  Japan  .... 
Oosaka  City,  Japan  .......     , 

OCsitna,  Japan 

Oosulca,  Japan 

Opaio  orRapAIsUnd,  Ahnrei  Bay,  South  Pacific 

Oporio,  Ponugal 

Orange  Bay,Tieira  del  Fuego 

Orange,  Cape,  Magellan  Strait 

Oiete.    (See  New  River.) 

Uiford  Haven,  (Bar.)  England 

Orford  Quay,  England 

Orfordness,  England 

Orinoco  River,  (en (laace.)  Guayana  .... 
Orleans  Island,  River  St.  Lawrence  .... 
Ormond,  Kenmare  River,  Ireland       .... 

Orosay,  Isle  ol  Skye 

Orlov  Letni,  Cape,  White  Sea 

Os  Ilheos,  Brazil 

Osaki,  Japan 

Oscuro  Cove,  Patagonia,  West  coast .... 
Osprey  Reef,  Australia,  East  coast     .... 

Ostend,  Belgium 

Olago  Harbor,  New  Zealand 

Otaheite,  South  Pacific 

Ottcrswick,  Orkneys 

Otway,  Port,  Patagonia,  West  coast    .... 
Ou-ou  Kinsh  Inlet,  Vancouver  Island     . 
Ounalashka  Island,  America,  Northwest  coast . 

Outo  River,  Africa,  West  coast 

Ovalau,  Fiji  Island 

Owasj,  Japan 

Ower  Shoal,  England,  East  coast 

Oxbaasheia,  Svee  Fiord,  Norway 

Oystreham,  France 

Packsaddle  Bay,  TieTia  del  Fuego    '.      .      .     . 

Padstow,  England 

Pagham,  (entrance.)  England 

Pago  Pago,  Navigator's  Islands,  South  Pacific  , 

PaimpDl,  France 

Palais,  Port  le,  Belle  Isle,  France 

Palliser,  Cape,  New  Zealand 

Palm  Isles,  Australia,  East  coast 

Palma,  Canary  Islands 

Palmas,  Cape,  Africa,  West  coast 

Palmedo  Road,  Sumba  Island 

Palmeira  Point,  Ceylon 

Paluan  Bay,  Mindoio 

Pamarung  Islands,  Borneo,  East  coast    .     .     . 

Pampang  Bay,  Java 

Panama  Road,  Central  America 

Panbula  River,  Australia,  East  coast .... 


TABLE  LVL 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHAKGE  DAYS,  &c— Continued. 


High  Waier, 
Full  aod  Change. 


Pancol,  China  Sea,  Gait  coast  .... 

PaoMiid  Hole,  England 

Paposo,  Chile 

Paquique,  Cape,  Bolivia 

Para,  Brazil,  North  coast 

Parabiba,  Braiil 

Paranagua,  Biaiil 

Parenga-renga  Harbor,  New  Zealand 
Parida  Island.  Hey  Granada  .... 

ParsboTO,  Baj  of  Fundy 

Pasado,  Cape,  Ecuador 

Pasages,  Port,  Spain 

Passage  or  Culebra,  Port,  Caribbean  Sea 

Passage  Island,  Banda  Sea 

Passandava  Bay,  Madagascar,  West  coast 
Paiersoa's  Inlet,  New  &alaad  .  ,  . 
Patterson,  Port,  Australia,  North  coast    , 

Patrick,  Port,  Scotland 

Patta  Ba^,  Africa,  East  coast  .... 
Patieson,  Port,  Vanu  Lava  Island,  Banks  Isl'da 

Patytaik  Bay,  Java 

Paul  de  Loanda,  San.  Africa,  Southwest  coast   . 

Paul,  St.,  Island,  Indian  Ocean 

Paal,  St.,  Island,  Gulf  of  St.  Lawrence      .     .     . 
Paumben  Pass,  Bay  of  Bengal,  West  Coast  .     , 

Payta,  Port,  Peru 

Pearce  Point,  Australia,  North  coa«t .... 

Pecket  Harbor,  Magellan  Strait 

Pedro  Gonzales,  Trap ichi  Island,  New  Granada 
Pedro,  San,  Pass,  Patagonia,  West  coast 
Peejow.    (See  Pldioe.) 

Peel,  Isle  of  Man 

Pegasus,  Port,  New  Zealand     .... 

Peh-tang-ho,  Yellow  Sea 

Pei-ho  or  Peking  Rlrer,  (entrance,)  Yellow  Sea 
Pei-ho  or  Peking  River,  (Tien>tsin>  ,     .     . 

Pelew  Islands,  North  Pacific 

Pelican  Lagoon,  Kangaroo  Island,  AnstraliA 

Pelonis  Sound,  New  Zealand 

Pellworm,  Denmark 

Pemba  Channel,  Mozambique 

Pemba  Island,  Mozambique 

Pembroke  Dockyard,  Wales 

Penang,  Malacca  Strait 

PeDas,  Cape,  Tierra  del  Fnego      ..... 
Pender  Harbor,  Strait  of  Georgia,  British  Co- 

Peniche,  Portugal 

Penmarch  Rocks,  France 

Pennington  River,  Bight  of  Benin  .  . 
Pentillie,  River  Tamar,  England  , 
Pentiand  Firth,  Stroma,  South  side  ,  . 
Pentland  Firth,  Swona,  East  side  .  . 
Pentiand  Firth,  Swona,  West  side  .  . 
Pentland  Firth,  Great  Skerty,  East  side  . 
Pentiand  Firth,  Great  Skeny,  West  side 
Peniance,  England 
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Rise.           1 

Place. 

High  Water. 
Full  and  Chaoge 

Springs. 

Neaps. 

h 

m. 

Feet. 

Feet. 

Percy  Isles.  Middle  or  No.  1  Island,  Australia. 

30 

16 

13 

Eas(  coast. 

Percy  Isles,  South  M  No.  a  Islet.  Australia.  East 

10 

30 

14 

Perim  Island,  Gulf  of  Aden 

NOOD 

7 

Si 

Pernainbuco,  Hrazil  .     .      .     *     «     *     *     •     « 

&-6 

Peros  Banhos,  Indian  Ocean 

I 

30 

5 

Perouse,  La,  Strait,  Ja^n    .      .           .... 

PerroD,  Cape,  Shark's  Bay,  Australia,  NoTtbweit 

lo 

30 

6 

4S 

Si 

Perth,  Scotland 

3S 

9» 
7 

Perula  Bay.  Mexico,  West  coast 

_ 

Pescadote  Islands,  (Makung  Harbor,)  China  Sea 

lo 

30 

9l 

7 

Peter,  St.,  Bay,  Cape  Breton  Island    .... 

7 

30 

6 

4 

Peter,  St.,  Hatbor,  Prince  Edward  Island     .     . 

B 

30 

4 

3i 

Peterhead,  Scotland 

it 

34 
41 

lOt 

IS 

Petit  Passage,  Bay  of  Fundy 

43 

fi 

Petrel   Bay,  St.  Francis  Isle,  Australia,  South 

Noon 

6 

Petucura  Rock,  Patagonia,  West  coast   .     .     . 

0 

SO 

16 

0 

35 

13 

8 

Philip  Bay.  East  side.  Magellan  Strait     .     .     . 

9 

30 

>4 

Philip,  Port,  Lonsdale  Point,  Australia,  South 

9 

43 

7 

Sk 

Philip,  ■  Port.   Queen's  Cliff,  Australia,  South 

10 

30 

3 

9 

Philip.  Port,  Nopeao  Point,  Australia.  South 

lO 

S3 

a* 

H 

Philip,  Port,  Dromana,  Australia,  South  coast  . 

19 

3 

ai 

Philip,  Port,  Schnappet  Point,  Australia,  South 

14 

U 

Philip,  Port,  Bellaiinc  Jetty,  Australia.  South 

31 

»i 

B 

coast. 

Philip,  Port,  Harvey    Point,  Australia,  South 

39 

3 

»i 

Philip,  Port,  Geelong,  Australia,  South  coast     , 

30 

34 

Si 

31 

U 

48 

Pichidanque  Bay,  Chile 

Pictou  Harbor,  Nova  Scotia 

to 

6 

Pidioe  or  Peeiow  Bay,  Lorabock 

Piedras  Cay,  Cuba 

j5 

s 

Y 

ar 

Pie!  Harbor,  England 

Pierce  Sitait,  Newfoundland 

33 

61 

4i 

Pierre  Island,  China  Sea,  East  coait  .     .     .     . 

Pigeon  Bay.  Yellow  Sea 

Pihkishan  Islands,  China,  East  coast.     ,     ,     . 

45 

S 

30 

17 

Pillar.  Cape,  Magellan  Strait 

Pillar,  Cape,  Tasmania 

6 

Pillars,  Rivet  St.  Lawrence ., 

0 

Pimlea  Harbor,  Africa.  East  coast       .... 

Pinas  Bay,  New  Granada 

IS 

14 

Ping  Yang  River,  Korea 

45 

91 

Piomill,  Orwell  River,  England 

30 

Pio  Quinto,  Port,  Babuyan  Islands     .... 

6 

TABLE  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  ftc-Conlinued. 


High  Water, 
Full  and  Change. 


Pirie,  Port,  Spencer  Gulf,  Australia,  South  coast 

Pisco  Bay,  Peru 

Piti  Paleoa,  Patagonia,  West  coast     .... 
Piti  River,  Hindoosun,  West  coast     ,     .     .     . 

Placentia,  Newfoundland 

Plank  Point,  Spencer  Gulf,  Australia,  South  c'st 

Playa  de  Incia,  Cuba 

Playa  Parda  Cove,  Magellan  Stiait     .     .     .     . 

Pleasant,  Port,  Falkland  Islands 

Plettcnberg  Bay,  Africa,  South  coast  .... 

Ploughrescan,  France 

Ploumanach,  Fiance 

Plumper  Cove,  Howe  Sound,  Gulf  of  Georgia, 

British  Columbia. 
Plumper  Sou^d,  (Fane  Island,)  Vaocouver  IsI'd 

Plj'mDuth  Breakwater,  England 

Plymouth,  (Sutton  Pool.)  England      .     .     .      . 

Plymouth,  New,  New  Zealand 

Pomba  B^,  Africa,  Elast  coast 

Pomeroy  Inlet,  l.abrador 

Pomquel,  Nova  Scotia 

Ponapi  Islani^  Caioliae  Islands,  North  Pacific . 

Ponga  River,  Africa,  West  coast 

Poolbec  Light-house,  Ireland 

Poole,  England 

Poolewe,  Loch  Ewe,  Scotland 

Pools  Harbor,  Newfoundland 

Pooioo  Island,  China,  East  coast 

Poqueldon  Harbor,  I^tagonia,  West  coast   .     . 

Portafer^,  Ireland 

Port-au-Choix,  Newfoundland 

Port-au-Prince,  St.  Domingo 

Port-en-Bessin,  France 

Port  Macdonncl,  Australia,  South  coast  .     ,     . 

Pod  Pola,  (Adriatic) 

Port  Rhin,  Mulgrave  Islands,  Marshall  Islands 

Port  Royal,  Jamaica 

Port  Spain,  Trinidad,  Caribbee  Islands   .     .     . 

Portchester,  England 

Portendik,  Africa,  West  coast 

Porihcawl,  Wales 

Poilh-dyn-lleyn,  Walea 

Portishead,  England 

Portland  Bay,  Australia,  South  coast .... 

Portland  Breakwater,  England 

Porto  Frio,  Brazil 

Porto  Praya,  St.  Jago,  Cape  Verde  Islands  .     , 

Potto  Santo  Bay 

Portree,  Isle  of  Skje 

Porttieux,  France 

Ponsbridge,  (Portsmouth,)  England  .... 

Portsmouth  Dockyard,  England 

Possession  Bay,  Magellan  Strait 

Possession,  Cape,  Torres  Strait 

Possession  Island,  Torres  Strait 

Post-OfficQ  Island,  (Charles  Island,)  Galapagos 

Islands. 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,4c.- 


Hlgji  Water, 
Full  and  Chai^. 


Post-Office  Island,  Torres  Strait    .... 
PoulameDle  Baj,  Hadajne  Island,  Cape  Breton 

PouUon-te-Sanda,  Ei^land 

Poverty  Bay,  New  Z^utd 

Pratas  Shoal,  China  Sea 

Preserration  Inlet,  New  Zealand  .... 

Ptcsioq,  Engiaod 

Prince  Fiederick  Harbor,  Australia,  Northw«st 

Prince  Regent  River,  (St.  George  Basin,)  Aus- 
tralia, Nonhwest  coast. 
Prioce  ofWales  Strait,  Bsuks  Land  .... 

Prince's  Island,  Bight  of  Biafia 

Princess  Royal  Harbor,  Australia,  South  cottst . 

Prospect  River,  Nova  Scotia 

Pubnico,  (Beach  Point,)  Bay  of  Fundy     .     . 
Puerto  Bueno,  Pata^nia,  West  coast      .      .     . 

Puerto  de  Baitiqueri.  Cuba 

Puerto  de  la  Luz,  Gian  Canaria,  Africa,  West 

Puerto  de  Maravi,  Cuba 

Puerto  de  Mata,  Cuba 

Puerto  de  la  Plata,  St.  Domingo  .... 

Puerto  de  Taco,  Cul» 

Puget  Sound,  (Nisqually,)  America,  Northwest 

Pugwash  Harbor,  Nova  Scotia      .     ,      ,     . 
Puficat  Shoals,  Coromandel  coast  .     . 

Pulo  Aor.  Sumatra,  Northeast  coast  .      .     . 
Pulo  Condore.  China  Sea,  West  coast 

Pulo  Leat,  Gaspar  Strait 

Pulo  Mendanao.  Gaspar  Strait      .... 

PuloPanJang,  Gulf  of  Slant 

Puluqui  Island,  Patagonia,  West  coast    .     . 

Puna  Island,  Ecuador 

Pwlheli,  (Bar,)  Wales 

Ilawdzeet  Anchorage,  America,  Northwest  c 
uaco.  Bay  of  Fundy 
uan-chow-wan,  Gulf  of  Tongking  .  .  , 
uatsino  Sound,  Vancouver  Island  .  .  . 
uebec,  River  St.  Lawrence 
ueda,  Malacca  Strait 
ueen  Charlotte  Sound,  (entrance,)  New  Zealand 
ueensferry,  Firth  of  Forth,  Scotland 

Queenstown,  Ireland 

Quelan  Cove,  Patagonia,  West  coast  . 

Queniin,  San,  Port,  California 

Queullin  Island,  Chile 

Quicavi  Bluff,  Patagonia,  West  coast       .     . 

Quilca  River,  Peru 

Quilimane  River,  (entrance,)  Africa,  East  coast . 

Quilleboeuf,  France 

Quiloa,  Africa,  East  coast   .,.,.. 
Quoile  Quay,  Straogford,  Ireland  .... 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  4c.— Coniinued. 


High  Water, 
Full  and  Cbange.  ' 


Rabat,  Afiica,  Welt  coalt 

Race,  Cape,  Newfoundland 

Rachada,  Cape,  Malacca  Strait  .... 
Radami,  Port,  Madagascar,  West  coast  .  . 
Ragged  Island,  Sumtawa,  Java  Sea  .  .  ■ 
Ragged  Poini,  Borneo.  East  coast       .     .     . 

Raine  Island,  Torres  Strait 

Rajang  River,  Borneo 

Rajapur   River,  (entrance,)   Hindoostao,  West 

Rajapur  River,  (town,)  Hindoostan,  West  coa 
Rajpuri  River,  (entrance,)  Hindoostan,  Westc'st 

Ramos  River,  Bight  of  Benin 

Ramree  Road,  Bay  of  Bengal,  East  coast 

Ramsay  Sound,  Wales 

Ramsey,  Isle  of  Man 

Ramsgate,  England 

Ramso  Fiord,  Norway 

Random  Head  Harbor,  Newfoundland    .     . 
Rangoon,  Bajr  of  Bengal,  Enst  coast   . 
Rangoon  River,  (entrance,)  Bay  of  Bengal,  East 

Raoul  or  Sunday  Island.  South  Pacific    .     . 

RiB  Hafdn,  Africa,  East  coast 

R^  Jerdaffoon.    (See  Gyardafui  Cape.) 
R6s  Madraka,  Arabia.  Southeast  coast     .     . 
Rte  Sharmah,  Arabia,  Southeast  coast     .     . 

R£s-el-Khaimeh,  Persian  Gulf 

R£s-al-Asfdah,  Arabia,  Southeast  coast  .  . 
Ris  Shfbali,  Arabia,  Southeast  coast  .  .  . 
RAs-al-Hed.  Arabia,  Southeast  coast  .     .     . 

Rathmullan,  Ireland 

Ratoa^biri,  Hindoostan,  West  coast .     .     . 

Realeio,  Central  America 

Red  Bay.  Ceylon,  South  coast 

Red  Bay,  (Pier.)  Ireland 

Red  Bay,  Labrador 

Red  Island,  Durian  Strait 

Redbridge,  England 

Refuge  Cove,  Bass  Strait 

Regaeville,  France 

Reikiavik,  Iceland 

Reloncavi  Inlet,  Patagonia,  West  coast  .  . 
Rendetvaus  Island,  Borneo,  Southwest  coast 

Rendezvous,  Strait  of  Georgia 

Renfrew.  River  Clyde,  Scotland  .... 
Resolution  Bay,  Marquesas  .  ,  .  ,  . 
Resolution,  Port,Taana  Island  .... 
Reunion  Island,  (St.  Pierre,)  Indian  Ocean  . 
Reunion  lsland,(5i.  Denis,)  Indian  Ocean  . 
Reunion  Island,  (St.  Gilles,)  Indian  Ocean  . 
Reunion  Island,  (St.  Paul,)  Indian  Ocean  , 
Rewa  Road,  Fijii  Islands.    (See  Nukulau  Pon.) 

Rhio,  Rhio  Strait 

Ribble  Light-house,  England 

Richibucto  River,  Gulf  of  St.  Lawrence  .  . 
Richmond  Harbor,  Prince  Edward  Island    . 


Feet. 
^"4 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS.  &c.— Continued. 


High  Water, 
Full  and  Change. 


Ricbniand  River,  Australia,  East  coast    .     .     . 

Rio  de  la  Plata,  Cape  Castilloa 

Rio  de  la  Plata,  Buenos  Ayres 

Rio  de  la  Plata,  Barragan  Bay 

Rio  Grande  do  Sui,  Bia2i! 

Rio  Janeiro,  Brazil 

Rio  Negio,  Patagonia,  East  coast 

Rio  Nunci,  Africa,  West  coast 

Ristegouche  River,  Campbelltown,  Gulf  of  St. 
Lawrence. 

Rivadeo,  Spain,  Noith  coast 

Rivoli  Bay.  Australia,  South  coast      .... 

Rocas,  Atlantic 

Roche,  Cape,  River  St.  Lawrence 

Roche  Harbor,  Haio Strait 

Rochefort,  France 

Rochelte,  France 

Rockall,  North  Atlantic 

Rocky  Island,  Guir  of  Si  am 

Rodney  Bay,  Owasi,  Japan 

Rodrigue  Island,  Indian  Ocean 

Roebuck  Bay,  Australia,  West  coast  .     .     .     . 

Roji.Hiadoostan,  West  coast 

Romania  Point,  (Malay  Peninsula,)  China  Sea, 
West  coast. 

Romdals  Islands.  Norway 

Rona  (South)  Light,  Scotland 

Roodewall  Bay,  Africa,  Southwest  coast  .     .     . 

Roque,  St..  Cape,  Brazil 

Roscoff,  France 

Rosel,  Jersey,  English  Channel 

Roshnoff,  Cape,  America,  Northwest  coast   .     . 

Rosslari  Point,  Ireland 

Rota,  Spain 

Rotterdam,  Netherlands 

Rollnest  Island,  Australia,  West  coast     .     .     . 

Rotiuoi,  Netherlands 

Rouen,  France 

Rouge  Harbor  Newfonndlaud 

Roundstone,  Ireland 

Rovama  River,  Africa,  East  coast 

Royal  Harbor,  Ruatan,  Bay  of  Honduras       .     . 

Royal  Island,  Baliamas 

Royal  Road,  Strait  of  Magellan 

Royalist,  Port.  Palawan,,EaEl  coast     .... 

Royan,  France 

Ruapuke  Island,  (Foveaux  Strait,)  New  Zea- 
land. 

Rugged  Island,  Bahamas 

Rugged  Island,  Nova  Scotia 

Ruggles  Bay,  Falkland  Islands 

Rupon,  Hindoostan,  West  coast 

Rush,  Port,  Ireland 

Rutland  Island,  Ireland,  West  coast  .     .     .     . 

Ryde,  En^and 

Rye  Bay.England 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Continued. 


Higb  Water, 
Full  and  Change. 


Springs.  ,  Neaps. 


Sable,  Cape,  (Clam  Point,)  Ba^  of  Fuodv  .  . 
Sable,  Cape,  (Clarlce'B  Harbor,)  Bof  of  Fundf  . 
Sable  Island,  (Nortb  side,)  Nova  Scotia  .  .  . 
Sable  Island,  (South  side,)  Nora  Scotia  .     .     . 

Sables  d'Olonne,  Les,  Fiance 

Sabon  Isiand,  Durian  Strait 

Sacred  Bay,  Newfoundland 

Sacrificios,  Port,  Mexico,  West  coast  .  .  .  . 
Saddle  Island.  East,  China,  East  coast     .      .     . 

Sado,  (Yebisu,)  Japan 

Safety  Cove,  America,  Northwest  coast  .     .     . 

Sagitsu-no-ura,  Japan 

Saguonay,  Chicoutimi,  Gulf  of  St.  Lawrence 
Sagueoay,  Tadousac,  Gulf  of  Sl  Lawrence    .     . 

Sa^n,  Cape  St.  James 

Sa^on,  (SaigOD  City,)  Cochin  China  ,     ,     .     . 

Sainles,  Caribbean  Sea 

Saipan  Island,  Ladrone  Islands 

Sal,  Cape  Verde  Island 

Salango  Island,  Ecuador 

Salcombe,  England 

Saldanha  Bay.  Africa,  West  coast 

Salee  River,  Boisee  Island,  Korea      .     .     ,     , 

Salm  River,  Africa,  West  coast 

Salmedina  Rocks,  Spain 

Salomon  Islands,  South  Pacific 

Saltash,  River  Tamar,  England 

Salt  Cay  Anchorage,  Bahamas 

Bailees,  St.  George's  Channel  ' ' 

Salut  Isles,  Bratil 

Salvador,  San,  Port,  Falkland  Islands      .     .     . 

Samana  Bay,  Hayti 

Samanco  Bay,  Peru 

Sambilangs,  Malacca  Strait 

San  Bento  River,  Africa,  West  coaat  ,     ■     .     . 

San  Bias,  Patagonia 

San  Bias,  Mexico,  West  coaM 

San  Fernando,  Trinidad 

San  juaa  del  Sur,  Central  America     .... 

San  Juan  River,  New  Granada 

San  Lucai,  Spain 

San  Miguel,  California 

Sanboronbon  Bay,  South  America,  East  coast    . 

Sandalwood  Bay,  Fiji  Islands 

Sand  Point,  Gulf  of  Liautuiw:,  Yellow  Sea  .  . 
Sandwich,  Port,  Mai i col lo  Island,  New  Hebrides 
Sandy,  Cape,  Australia,  East  coast      .     .      ,     . 

Sandy  Cove,  East,  Bay  of  Fundy 

Sandy  Cove,  West,  Bay  of  Fundy 

Sandy  Island,  Madagascar,  West  coast  .  .  . 
Sandy  Islet,  Australtn,  West  coast  .... 
Sandy  Point  Road,  Magellan  Slrait    .... 

Sang-lau  Bay,  Yellow  &a 

Sanguianga,  (entrance,)  Ecuador 

Sanguir  Island,  Moluccas 

Sangwia  River,  Africa,  West  coast  .... 
Sanmoon^y,  St.GeoTgeIsland,ChJna,East  coast 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Com iouod. 


Sannana  Bay,  Moluccas 

San-Sbui,  Si  Kiang,  China,  East  coael      .     .     . 

Santa  Catalina  Island,  California 

Sania  Cruz  River,  Patagonia,  East  coast  .     .     . 

Saata  Cruz,  or  Agadir,  Africa 

Santa  Ctuz  Islands,  South  Pacific 

Santa  Cruz  Island.  California 

Sania  Cruz,  TeneriSe,  Canary  Islands 

Sania  Maria  Island,  Chile 

Santandcr,  Spain 

SantiaRo  de  Cuba,  Cuba 

San  [oQa,  Spain 

Saparooa  Island,  Moluccas 

Sapetiba  Bay,  Brazil 

Sapie  Bay.  Sumbawa      ........ 

Sarawatt   River,  (Moratabas  entrance.)  Borneo, 

West  coasl. 
Sarawak   River,  (Sanlubong  entrance,)  Borneo, 

West  coast. 
Sarawak  River,  Sarawak  Junction,  Borneo,  West 

Sarawak  River,  Sarawak  City,  BomQO,Westcoast 

Sarmiento  Bank,  Magellan  Strait 

Sarn  Badrig,  or  the  Causeway,  Wales     . 

Sarn-y-Bwch  Reef,  Wales 

Sau-o  Bay,  Formoza 

Saugor  Island.  Bay  of  Bengal 

Saumaiez  Reef,  Australia,  East  coast.  .  .  . 
Scales  Point,  Blackwater  River,  England      ,     , 

Scalloway,  Sheiland 

Scapa.  Orkneys 

Scarborough,  England 

Scarborough  Shoal,  FilipinaS 

Scarcies  Rivers,  Africa,  West  coast    .... 

Scarnish,  Tiree  Island,  Scotland 

Schierraoonikoog,  Netherlands 

Schooner  Retreat,  Northwest  coast  of  America  . 
Scilly  Islands,  (St.  Agnes  Island,)  England  ,  . 
Scilly  Islands,  (St.  Mary  Island,)  England  ,  , 
Scilly  Islands,  (Trescow,)  England  .... 
Sea  Bear  Bay,  Patagonia,  East  coast  .... 

Seaforih,  Loch,  Aihline,  Scotland 

Seahain,  England 

Seal  Cove,  Grand  Manan.  Bay  of  Fundy.  .  , 
Seal  Island.  Cape  Sable,  Bay  of  Fundy  .  .  . 
SeamounI  Bay,  Mulroy  Bay,  Ireland  .... 

Sebastian,  San,  Brazil 

Sebastian.  San,  Tierra  del  Fuego 

Sebastian,  San,  Spain,  North  coast  .... 
Sebasti.in,  San.  Bay,  Africa,  South  coast  .  .  . 
Sedashigar  Bay,  Hindoosian,  West  coast  .  . 
Seer  River,  Hindooslan,  West  coast   .     .     .     . 

Seer  River.  Jugf^ee 

Segoro  Wedie  Bay,  Java 

Scin,  Chausis  de,  France 

Seldotn-come.by,  Newfoundland  ..... 
Seleney  Bay,  Lapland •     . 


High  Water, 
Full  and  Change. 
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High  Water, 
Fulland  Change. 


Selsea  Bill,  Eogland 

Semiahmoo  Ba;,Gulfof  GeDigia,  Amer.,  North- 
Senegal,  (Bar,]  Africa,  West  coast .... 
Senegal,  {Guet  N'dai,)  Africa,  West  coaat    . 
Senegal,  (St.  Louis.)  Africa,  West  coast   .     . 
Siavl  River,  (Po-teu-mai,)  Korea   .     .     .     , 

Sfioul  River,  (S^ul.)  Korea 

Serraia,  Hiodoostan,  Wrst  coast     .... 

Serrana  Bank,  Mosquito  cout 

Serranilla  Bank,  Mosquito  coast  .... 
Sesham  Islands,  Haiig-ctauBaiy,Chiiia,  East  coast 

Setubal,  Portug^ 

Seudre  River,  (entrance,)  France  .     ,      ,     . 

Seurin,  St.,  France 

Seychelle  Archipelago/ Ma7h£Isd,)IndiaiiOcean 
Seymour  Nanows,  British  Columbia.     .     . 
Seypan  Island.    (See  Saipan.) 

Seven  Islands,  Lapland 

Seven  Islands  Bay,  Gulf  of  St.  Lawrence  . 
Sba-lui-tien  Banks,  (west  part,)  Yellow  Sea  . 
Sh^  Kadtin,  Arabia,  Southeast  coast.  .  . 
Sh^'bu-saifeh,  Arabia,  Southeast  coast  .  . 
Shalbet  Island,  Hlndoostan,  West  coast  .  . 
Shallow  Harbor,  Falkland  Islands  .  .  . 
Shanghai,  Yang-cse-Kiang,  China,  East  coast 
^ao-king.  Si  Kiang,  China,  East  coast    .      . 

Sharja,  Persian  Gulf 

Sharks    Bay,  Naluraliste    Channel,    Australia. 

Northwest  coast. 
Sharks  Bay.Denham  Sound,  Australia,  NW.  ci 
Sharks  Bay.Freycinet  Reach,Australia,NW.ci 
Sharks  Bay,  Freycinet  Estuary,  Australia,  North- 
Sharks  Bay,  Cape  Perron,  Australia,  N#,  coas 
SharksBay,  HamelinPool,  AustTalia,'NW.  coas 

Sharpness,  England 

Shediac  Harbor,  New  Bninswick  ..... 

^eephaven,  Ireland 

Sheemess,  England 

Sheet  Harbor,  Nova  Scotia 

Shefeen  Island,  Africa,  South  coast     .... 

^elbume,  Nova  Scotia 

Sheldrake  Island,  Gulf  of  St.  Lawrence  .  . 
Sherbro  River,  Africa,  West  coast .... 

Shields,  North,  England 

Shihtau  Bay,  Yellow  Sea 

Ship  Harbor,  Nova  Scotia 

Ship  Harbor.  (New  Island,)  Falkland  Islands  . 
Shippigan,  Gulf  of  St.  Lawrence  ..... 
Shoal  Bay,  Australia,  North  coast       .... 

Shoal  Bay,  East  coast 

Shoal  Water  Bay,  Australia,  East  coast  .  .  . 
Sboalhaven  River,  Australia,  East  coast  .     .     . 

Sholl  Bay,  Smyth  Channel 

Sboreham,  England 

Sbusbartie  Bay,  Vancouver  Island      .... 


TABLE  LVL 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  Ac— Coolie ued. 


High  Water, 
Full  and  CluDge. 


Si  Kiang,  or  West  River,  (San-shui.)  China,  East 

Si    Kiang,  or  West  River,  (Shao-king.)  China, 

East  coast. 
Si  Kiang,  or  West  Rivei.  (Wuchan,)  China,  East 

Siak  River,  Malacca  Strait 

Siali  Rivet,  (off  the  town) 

Sidili  River,  China  Sea,  West  coast     .... 
Sidmouih,  Cape,  Australia,  East  coast      .     .     . 

Sierra  Leone,  Africa,  West  coast 

Siilabar  River.  (Bar,)  Sumatra 

Si  midsu,  Japan 

Slmoda,  Japan 

Si  mono  sel£i,  Japan 

Simons  Bay,  Africa 

Simpson,  Port,  Northwest  coast  of  America 
Singapore,  New  Harbor,  Malacca  Strait  . 
Singoieer  Mata,  Hindoostan,  West  coast       .     . 

Sinou.  Africa,  West  coast 

Sir  C.  Hardy  Islands,  Torres  Strait.  East  coast . 
Sir  E.  Pelli^  Islands,  Australia,  North  coast    . 

Sisal,  Gulf  of  Mexico ,. 

Siika,  America,  Northwest  coast 

Siyako  Island,  lapan 

Skaapen    Fiord,  (between  StormS  and  SandS,) 

Faroe  Islands. 
Skaapen    Fiotd.  (between    HestS   and    SandS,) 

Faroe  Islands. 

Skagen,  or  the  Skaw,  Jutland 

Skerry,  Great,  (East  side.)  Pentland  Firth     .     . 
Skerry,  Great,  (West  side,)  Pentland  Firth    .     . 

Skerries,  Ireland,  North  coast 

Skerries,  Ireland,  East  coast 

Skidegate  Inlet,  Queen  Charlotte  Islands     ,*    , 

Skip  Ness,  Scoilaud 

Skull,  Ireland 

Slaughden,  Orford,  England 

Slievebane  Bay,  Ireland,  West  coast  .... 
Sligo  Bay,  (Mullaghmore,)  Ireland      .... 

Sligo  Harbor,  Ireland 

Sluissche-gat,  Nonh  Sea 

Slyne  Head,  Ireland,  West  coast 

Smalls  Light-house,  St.  George's  Channel  .     . . 

Smerwick,  Ireland 

Smith  Sound,  Newfouttdland    ...... 

Smoky  Bay,  Australia,  South  coast     .... 

Smyth  Harbor,  Tierra  del  Fuego 

Snape  Bridge,  Orford,  England 

Snapper  Point,' Australia,  South  coast      .     .     . 

Society  Bay,  (Sulivan  Bay,)  Yellow  Sea  ,     !     ! 

Socotra  Island,  Indian  Ocean 

S'jfala  River,  Africa,  East  coast 

Solitary  Islands,  Australia,  East  coast     .     .     , 

Solomon  Islands,  Indian  Ocean 

Solovel  Road,  White  Sea 
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High  Water, 
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Souderho,  FanS,  Denmark 

Sooke  Harbor,  Vancouver  Island 

Sooniaianee  Harbor,  Persian  Gulf      .... 

SosQovaia  Bav,  White  Sea 

Sosnovets.  White  Sea 

Souma.  White  Sea 

Souiabaya  Strait.  Java 

Soutabaya  Strait,  {janseo  Channel,)  Java      .     . 

South  Rock,  Ireland 

SouthamptoD,  England 

Southwest  Bay,  New  Providence 

Southwest  Cape,  New  Zealand.      ..... 

Southemess,  ScoclaDd 

Southwold,  England , 

Spain,  Port,  Trinidad 

Spaniards  Bay,  Newfoundland 

Spencer  Bay,  Africa,  West  coaM 

Spenser's  Anchorage,  Bay  of  Fondy  .... 
Spencer  Gulf,  (Thorny  Passage,)  Australia,  South 

Spencer  GuU,  (Point  Lowly,)  Australia,  South 

Spencei  Gulf,  (Port  Augusta,)  Australia,  South 

Spencer  Gulf,  (Point  Riley,)  Australia,  South  c'st 
Spencer  Gulf,  (Wallaroo,)  Australia,  South  c'st 

Spliax  Roads,  Mediterranean 

Spicers  Cove,  Bay  of  Fundy 

Spider  Island,  China,  East  coast 

Spieberoog.  Germany 

Spitzbergen,  (Bell  Sound) 

Spitzbergen,  (Danes  Sound) 

Spurn  Point,  (Humber  River,)  England   .     .     . 

Staten  Island,  Tierra  del  Fuego 

Staunton  Island.  Yellow  Sea 

Stephens.  Port,  Australia,  East  coast  .     .      .      . 

Stephens.  Pan,  Falkland  Islands 

Stewart,  Harbor.  Tierra  del  Fuego      .... 

Stirling.  (Firth  ol  Forth,)  Scotland 

Stirrup  Cays.  Baliamas 

Stockton,  (Tees,)  England 

Stonefield,  (Loch  Etive.)  Scotland 

Stonehaven,  Scotland 

Stomoway,  (Lewis  Island,)  Scotland  .... 
Slrangford,  (Killard  Point,)  Ireland     .... 

Strangford,  (Quay,)  Ireland 

Strangford,  Head  of  Lough,  (Turley  Rocks,)  Ire- 
land. 
Streaky  Bay,(Blancheport,)  Australia.  South  coast 
Stroroa,(SouthBido,)Pentland  Firih  .     .     .      . 

Slromncss,  Orkneys 

Stuart  Channel,  (Oyster  Harbor) 

Stuart  Channel,  Cowilchin  Harbor,  Vancourer 

Stuart  Island,  Strait  of  Georgia 

Suadiva  Atoll,  Maldives 

Sua),  Port,  Luzon 


10    5S 
30  aud  o  45 
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Suder9  Fiord,  Faroe  Islands 

Suei  Bay,  (head  of  Gulf,)  Red  Sea.  .  .  . 
Sughrli,  Arabia,  SouQieast  coast     .... 

Sumburgb  Head,  Shetland 

Suadaj,  or  Raoul  Island,  South  Pacific    .     . 

Sunderland,  England 

Sunderland,  Noiih,  England 

Sap6  Bay,  Peru 

Surat,  (entrance,)  Hindoostan,  West  coast  ■ 
Suiat,  (toirn,)  Hindoostan,  West  cout  .  . 
Surge  Narrows,  Strait  of  Georgia  .... 

Suriaam,  Guayana 

Sussex,  Port,  Falkland  Islands      .... 

Sutton  Pool,  England 

Sviatoi  Nos,  Lapland 

Svind  Fiord,  Faroe  Islands 

Swain  Reefs.  Australia,  East  coast 
Swallow  Bay,  Strait  of  Magellen  .... 

Swan  Island,  Tasmania 

Swan  Point,  Australia,  West  coast 
Swan  River,  Gage  Road,  Australia,  West  coas 
Swan  River,  Port  Grey,  Australia,  West  coast 
Swansea,  (Mumbles  Ligbt-house,)  Wales      . 

Swatau,  China,  East  coast 

Swift  Bay.  Australia,  North  coast  .... 
Smoua,  (East  side,)  Pentland  Firth  .  .  . 
Swona,  (West  side,)  Pentland  Firth     .     .     . 

Sjdne}-,  Australia,  East  coast 

Sydney  Harbor,  Cape  Breton 

Ta-ising  ho,  Yellow  Sea 

Table  Bay,  Africa,  West  coast 

Taboga.  New  Granada    .     ' 

Tabou  River,  Africa,  West  coast    .... 

Tabuai  Island,  South  Pacific 

Tadeo,  San,  River,  Patagonia,  West  coast      . 

Tahiti.  South  Pacific 

Tahrl,  Persian  Gulf 

Tai-cho  ho.  Yellow  Sea 

Taicbow  Islands,  China,  East  coast    .      .     . 
Tai-Tai  Bay,  China  Sea,  East  coast     . 
Talfush  Harbor,  British  Columbia      .      .     . 

Talcahuano,  Chile 

Talcan  Island,  Patagonia,  West  coast  .  . 
Tailung  Channel,  Canton  Rivet,  China  .  , 
Ta-lien-whan  Bay,  Yellow  Sea  .... 
Tama  no  Ura  Harbor,  Goto  Island,  Japait  . 
Tam-Sui  Harbor,  China  Sea,  East  coast  .  , 
Tamar  River,  (Georgetown,)  Tasmania  . 
Tamar  River,  (Launceston,)  Tasmania     .     . 

Tamar.  Port,  Magellan  Strait 

Tamaiave,  Madagascar,  East  coast 

Tanabd,  Ki  Channel,  Japan 

Tanera,  Summer  Islands.  Scotland      .     .     . 

Tangier,  Africa  North  coast 

Tangtang  Harbor,  Madagascar,  East  coaat  . 
Tanjong  Apl,  China  Sea 
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Tanjonff  Bolus,  Malacca  Suail 

Tanna,  New  Hebiides 

Tappanoelj  Harbor,  Sumatia 

Taranaki,  or  New  Plymauth,  New  Zealatid  .     . 

Tarbert,  Ireland 

Tarifa.  Spain 

Tarn  Point,  Solwa?,  Scotland 

Task«,  Japan 

Tatamagouche,  Nora  Scotia     .     .     .     . ,   . 

Tatij^ma  Baj,  Japaa 

Ta-long  Rivci,  Korea 

Tauraog^  Harbor,  New  Ze^and 

Tavoy   River,  (entrance,)  Baj  of  Bengal,  East 

Tay  River,  (Bar,)  Scotland 

Tay-baj-oo-baj,  China  Sea,  East  coast     . 
Teavaiaa   Harbor,  Raiaiea  Islaads,  Sonth  Pa- 

Teboncas  Road.  Balj,  Nortb  coast      .... 

Teelin  Harbor,  Ireland 

Tees  River,  (Bar,)  England, 

Teignmouth,  England 

Tellicherry.Hindoostan,  West  coast  .     .      .     . 

Tenby,  Wales 

Tenerife,  Cape,  Verd  Islands,  (Santa  Cniz)    .      , 

Terceiia,  Azores 

Teriberka  River,  Lapland 

Teremakau  River,  New  Zealand 

Temeuse.  or  Neuzen,  North  Sea 

Terschelliag,  (West,)  Netherlands      .... 

Tetrina,  White  Sea 

Tetuan,  Africa,  North  coast 

Texel.  (Outside  Shoals,)  Netherlands  .... 
Thirsty  Sound,  Australia,  East  coast  .     .     .     . 

Thomas,  St..  Island,  Africa 

Thompson  Sound,  New  Zealand 

Thorny  Passage,  Spencer  Gulf,  Australia,  South 

Thors  mi  nde,  Jutland      ........ 

Three- Hum  mock  Island,  (East  side,)  Baas  Stroll 
Three  Kings  Islands,  New  Zealand    .... 

Three  Points,  Cape,  Africa,  West  coast    .     .      . 

Three  Rivers,  River  St.  Lawrence 

Thurso,  Scotland 

Ticao  Island,  (Port  San  Jacinto,)  Filipinas    .      . 

Tictoc  Bay.  Patagonia 

Tien-pak  Harbor,  China,  East  coast   .... 

Tilly  Bay,  Strait  of  Magellan 

Tinghae.  Chusan,  China,  East  coast    .... 

Tobago.  Caribbean  Sea 

Tobermoiy,  Isle  of  Mull 

Toboe  Ali  Point,  Banka  Strait 

Toboolchi  Bav,  Saghalin  Island 

Tomo,  (Inland  Sea,)  Japan  ....... 

Tongaubu,  South  Pacific 

Tongsang  Harbor,  China,  East  coast .... 
Tiinning,  Germany 
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High  Water, 
Full  and  Change. 


Toona.  Galf  oS  Kutch,  Hindoosun  .... 
Tooniaug     Island,    (Bias     Bajr)    China.   East 

Toorbut  Point,  Australia,  Bast  coast  .     ,     ,     , 

Topaze  Harbor,  British  Columbia 

Totbar,  England 

Toro  Point,  Chile 

Torta  Bay,  Africa,  Weal  coast 

Toilola,  Virgin  Islands 

Touron  Bay,  Cochin  China -  .     . 

Tova,  or  Na  Vatu  Reef.  South  Pacific.     .     .     . 

Towan  Island,  China.  East  coast 

Townsbend  Harbor.  Tierra  del  Fuego      ,     .     . 

Tracadie.  Prince  Edward  Island 

Tracey  Harbor,  British  Columbia 

Tracy  Island.  Korea,  South  coast 

Tm  Islands,  Norway 

Trawbrcaga.  Lough.  Ireland 

TnSguier,  France 

Trcli  Island,  White  Sea 

Trepassev,  Newfoundland 

Trfport,  France 

Tres  Cruces,  Point,  Patagonia,  West  coast  .     . 

Triangles.  Gulf  of  Mexico 

Trieste,  Adriatic 

Trincomalie  Harbor,  C(n-lon,  South  coast  .  . 
Tringano  River,  Gulf  of  Siara,  China  Sea,  West 

Trinidad.  (Port  Spain,]  Caribbee  Islands.  .  . 
Trinity  Bay,  (Bull  Island,)  Nenfoundland      .     . 

Trinity  Harbor,  Newfoundland 

Trinity  Opening,  Great  Barrier  Reefs      .     .     . 

Tripoli,  (Syria.)  Mediterransan 

Tristan  da  Cunha,  South  Atlantic       .... 

Triton  Bay,  New  Guinea 

Triton  Harbor,  Newfoundland 

Triton  Bank,  Magellan  Strait 

Tromse,  Norway 

Troon,  Scotland 

Troubridge  Shoals,  Australia,  South  coast    .     . 

Truro,  (Quay,)  England 

Tsang-cbow   Island,  (Bias   Bay,)  China,  East 

Tsau-liang-bai  or  Chosan  Haibor,  KorcR     .     . 

Tsu-stma  Sound,  Korea 

Tsugar  Strait,  Japan 

Tsuruga,  Japan 

TudriRiver,(Bar,)Hindoostan,  West  coast.     . 

Tudwall,  St.,  Road,  Wales 

Tuesday  Bay 

Tumaco  Road,  Ecuador 

Tunis,  Mediterianean 

Turks  Islands,  ^hamas 

Turna  Bay,  White  Sea 

Turner,  Cape,  Prince  Edward  Island  .... 
Turtle  Island.  (North.)  Australia,  West  coast  , 
Turtle  Island,  South  Pacific 


9  4S 

I  ; 
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TuticorinHaibor,  Gulf  of  Manar,  Bay  of  Bengal, 
West  coast. 

Tmukaka  Harbor.  New  Zealand 

Tveed  River,  (Danger  Point,)  Australia,  East 

Twofold  Bay,  Australia,  East  coast  .... 
Tylaliap  Harbor,  Java,  South  coast     .... 

TTnemouth,  (Bar,)  England 

Tyssen  Island.  Falkland  Islands 

Tytandolnlel,  Java 

Typa  Anchorage,  China,  East  coast    .     .     .     . 

Ubatubi,  Braiil 

Ubian  Island,  Sulu  Sea 

Uinne,  New  Caledonia 

Uisi,  North,  (Kallin.)  Scotland,  West  coast  .  . 
Uist,North,(Vallay.)Scotland,Weslcoasl  .  . 
Uisi.  South,  (Loch  Boisdale,)  Scotland,  West  c'at 
UlladuliaHarbDr,Auslialia.  East  coast  .      .      . 

Ullapool,  Loch  Broom,  Scotland 

[Jmmen  Nakheilah.  Persian  Gulf 

Underwood,  Port,  New  Zealand 

Ungava,  Hudson  Bay 

Union  Bay,  La  Plata 

Union,  Portia,  GuIfofFonseca,  Central  America 

Unsang,  Borneo 

Upernavilt,  Greenland 

Upstart  Bay,  Australia.  East  coast      .... 

Ujaga,  Japan 

Urakami,  Japan 

Urie  Firth.  Shetlands 

Ursula  Island,  Palawan,  China  Sea,  East  coast . 
Usbome.  Port.  Australia,  West  coast .... 

Ushant,  France 

Ushrufli  Islands,  Red  Sea  . 

Utiia,  New  Granada 

VatO,  Norway 

Vaidivia,  Port.  Chile 

Valentia  Harbor,  Ireland 

Valery,  St.,  en-Caux.  France 

Vaiery,  St..  sur-Somme,  France 

Vallay,  North  Uist,  Scotland,  West  coast  ,  .  . 
Vallenar  River,  Patagonia,  West  coast    .      .      . 

Valparaiso.  Chile 

Vandertin  Island,  Australia,  North  coast  .  , 
Vansittart  Bay,  Australia.  Northwest  coast  .      . 

Vansittart's  Saddle,  Yellow  Sea 

Vao.  Port.   (See  Alcmfene,  New  Caledonia) 
Vatoa  or  Turtle  Island,  South  Paci&c      .      .     . 

Vavau.  South  Pacific 

Veere-gai,  Netherlands 

Ventry.  Ireland 

Venus  Bay,  Australia,  South  coast  .... 
Venus  Harbor,  Australia,  South  coast     .     ,      . 

VeraCrui.GulfofMexico 

Vernon  Cbannel,(CbusanArcb.,)China,  East  c'st. 


High  Water, 
FuUand  Change. 


9    3» 
8     IS 


TABLE  LVI. 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  Sc— Continued. 


Veisovah,  Hiaiooeua,  West  coail     .... 

Vene  Bay,  Nova  Scotia 

Victoria,  Pott,  Brazil 

Victoria,  Port,  Austialla,  South  coast.  .  .  . 
Victoria  Strait,  Tuao  do  Fuca  Strait  .  .  .  . 
Victoria  Rivei,  Holdfast  Reach,  Australia.  North- 
Victoria  RivM.(Mo»qu  Ho  Flat,)  Australia,  North- 
Victoria  River,(SaiidjIsland,)  Australia,  Nortb- 
Vicioria  River,(Turtle  Point,)  Australia,  North- 


Vigo,  Spain 

Vila  Harbor,  Sandwich  Islands,  New  Hebrides  . 
Vin  Harbor,  Gulf  of  St.  Lawrence  .  .  .  . 
Vincent,  St..  Cape.  Madaxascar,  West  coast .     . 

Vincent,  St.,  Caribbean  Sea 

Vincent,  St.,  Port,  New  Caledonia 

Vingorla.Hindoosian,  West  coast      .     .     .     . 

Virgin,  Cape,  Magellan  Strait 

Vili  Levu,  Fiji  Island 

Vivero,  Spain,  North  coast 

ViziadrooR.    (See  Gcriah.) 

Vladimir,  St.,  Bay,  Gulf  of  Tartar^      .     .     .     . 

Volcano  Islands,  China,  East  coast    .     .     .     . 

Voronov,  Cape,  White  Sea 

Vulavu,  Isabel  Island,  Solomon  Islands  .      .     . 


lum 
Wah:iay  Harbor,  {Cerara.)  Moluccas,  North  c'sl 

Waiicato  Rivet,  New  Zealand 

Waikawa  Harbor,  New  Zealand 

Wairoa  River,  New  Zealand 

Wakaya  Island,  Fiji  Islands 

Wakc&eld,  Port,  Australia,  South  coast   .      .     . 
Walker  Creek,  Choiseul  Island,  Falkland  Isl'ds 

Walker,  River  Tyne,  England 

Wallace  Harbor,  Nova  Scotia 

Wallis  Island,  Torres  SuaiC 

Walton  Hay,  England 

Walvisch  Bay,  Africa,  West  coast 

Wanchu  River,  (eDtrance,^  China.  East  coast     . 
Waochu  River,  (Cily.)  China,  East  coast .      .     . 

Wang-kia  Bay,  Yellow  Sea 

Wang-kia-tia  Bay,  Yellow  Sea 

Wanganui  Rivet,  New  Zealand 

Wanganui  Inlet,  New  Zealand 

Wangari  Harbor,  New  Zealand 

Wangaroa  Harbor,  New  Zealand 

Wangaruru  Harbor,  New  Zealand      .      .     .     , 

Waogerocg,  Germany 

Wapitagun  Harbor,  Gulf  of  St.  L.-<wrence     .     . 


High  Water, 
Full  and  Change. 


II     30 
about  4 


..  C.tK  ■ 


TABLE  LVL 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS.  &c~Conlinued. 


High  Waier, 
Full  and  Cliange. 


Waralah  Bay,  AastraKa,  South  roast .     . 
Waree  River,  Hindoostan,  West  coasl 
Warleigh  Quay,  (Rivet  Tavy,)  England    . 
WamboTO'  Sound.  Australia,  West  coast 
WarrenpoinI,  (Cariingtoidp)  Ireland    . 
Warrenpoint,  (Lough  Foyic.)  Iieiand 
Warsheek  Roads,  Africa,  East  coast  . 
Waterford,  (Bridge,)  Ireland     .      .      . 
Waterfoid,  (Duncan no n  Fort.)  Ireland 
Waterloo  E^y,  Africa,  South  coast 

Webeck     .     .    '. 

Webling  Poini,  Spencer  Gulf,  Australia,  South 

Week  Islands,  Tierra  del  Fuego 

Wei-hai  or  Kvau-chiu  Bay,  Yelloiv  Sea  .     .      . 

Wei-hai-wei  Harbor,  Yellow  Sea 

Weir  Head,  River  Tamar,  England  .... 
Welcome  Bay,  Patagonia,  West  coast  .  .  . 
Wellcslcy  Islands,  Australia,  North  coast     .      . 

Wells,  England 

Welts  Bar,  England 

Wenman  Isles,  Galapagos  Islands      .... 

Weser,  (entrance,)  Germany 

Wescr,  (light- vessel.)  Germany 

West  Cove,  Kenmare  River,  Ireland  .... 

West  Gat,  Netherlands 

West  Hill,  Australia,  East  coast 

West-kappelle,  Nonh  Sea 

West  Quoddy.  Bay  of  Fundy 

West  River,  China,  East  coast.  (See  Si  Kiang.) 
Western  Port,  (Muscle  Rock,)  Australia  .  . 
Western  Port,(Bourchier  Channef,)  Australia  , 
Western  Port,  (French  Island  Spit,)  Australia  . 

We stman shaven,  Faroe  Islands 

Weslness,  Orkneys -.     . 

Weston.super-mnrc,  England 

Weslport,  Ireland 

Wexford,  Ireland 

Whaiogatoa  Harbor,  New  Zealand     .... 

I  [n  March  .     . 
Whampoa,  (Docks.)  China,  <  In  April     .     .     . 

(inMayandJgne. 

Whitby,  England 

White  Dog  Islands,  China,  East  coast     .     .      . 

Whitehaven,  England 

Whitehaven,  Nova  Scotia 

Wick,  Scotland 

Wicklow,  Ireland 

Wide  Bay,  Australia,  East  coast 

Widewall,  Orkney 

Wigton,  Scotland 

Wilberforce,  Cape,  Australia,  North  coasl  .  . 
Wild  Wave  Bay,  Loo  Choo  Islands    .... 

William,  Port,  Falkland  Islands 

William,  Port,  New  Zealand 

William,  Port,  Scotland,  West  coast  .  .  .  . 
Willemstad,  North  Sea 


TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,ftc.— ComlnnMl. 


High  Water, 
Full  and  Change. 


Willis  Islets,  Australia,  East  coast  .... 
Willoughby,  Cape,  Kangaroo  Island,  Australia . 
Willunga,  Port,  Austialia,  South  coast    .     .     . 

Winter  Harboi,  Melville  Island 

Winierlon  Ness,  England 

Wisbeach,  England 

Wisbeach  Ere,  England 

Wlvenhoe,  Coine  River,  England 

Wolstcnholm  Sound,  Arctic  Regions. 
Woodbridge  or  Bawdsey  Haven,  (Bar,)  England 
Woodbridge,  (Kingston  Quay.)  England       .      . 
Woodbridge,  (Wilford  Bridge,)  England       .     . 
Woodlark  Island,  Louisiade  Archipelago     .      . 

Wood's  Bay,  Strait  of  Magellan 

Woody  Island,  Great   Sandy  Strait,  Australia, 

East  coast. 

Woolwich,  England 

Workington,  England 

Wotie  or  Roroanzoir  Islands,  Marshall  Islands  . 

Wrabness,  StouT  River,  England 

Wranger  Oog,  Germany 

Wrath,  Cape,  Scotland 

Wreck  Bay,  Lm'ally  Islands 

Wreck  Reef.  (Bird  Islet,)  Australia,  East  coast . 
Wuchu,  Si  Kiang,  China,  East  coast  .... 
Wusuug    River,    (entrance,)    Yang-tse-Kiang, 

China.  East  coast. 
Wusung  River,  (Fort  A.,)  China,  East  coast. 
Wusung  River,  (Pheasant  Point,)  Cbiiia,  East 

Wyk,  Fohr  Island,  Denmark 

Wynkoop's  Bay,  Java 

Yafa,  Mediterranean 

Yama  Gawa  Harbor,  Japan 

Yang-ho,  Yellow  Sea 

Yang-tse-Klang,  Oight-ship  at  entrance,)  China, 
East  coast. 

Yamada  Harbor,  Japan 

Yarmouth  Haven,  (Brush,)  England  .... 

Yarmouth,  Bay  of  Fundy 

Yarmouth  Bridge,  England 

Yarmouth  Road,  England 

Yarmouth.  Isle  of  Wight,  England  .  .  .  . 
Yealro  River,  Bigbury  Bay.  England  .... 

Yedo  Bay,  (Yokohama,)  Japan 

Yellaboi,  Africa,  West  coast 

Yen,  He  d',  France 

Ylo  Road,  Peru . 

Yobuko,  Japan 

Yokohama,  Vedo  Bay,  Japan 

York,  Cape,  Australia,  East  coast 

York  Facloty,  Hudson  Bay 

York  Road.  Magellan  Siiait 

York  Harbor.  Newfoundland 

Youghal,  Ireland 
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TIME  OF  HIGH  WATER  ON  FULL  AND  CHANGE  DAYS,  &c.— Continued. 

Place. 

High  Water, 
Full  and  Change 

Rise. 

Springs. 

Neaps. 

h.    m. 
II    fls 

I?    al 

I    1 

4  30 

5  0 
4    » 
4    '5 

7     IS 

Feet. 

3 
1* 

ia-15 

41 

7 

Si 
loi 
4-S 

Feel. 
H 

4* 

9 

3 

Yu-lin-kan  Bay,  China  Sea 

Yung  River,  Chinhae,  China,  East  cxxist .      .     . 
Yung:  Ri«r.  Ning-po-fu,  China,  East  coast  .     . 

Yung-hing  Bay,  Korea 

Yura  Harbor.  Japan 

Yuranouchi,  Japan 

Zambezi  Rirer,  (Pearl  Island,)  Africa,  East  coast 

Zaniibat,  Africa,  East  coast 

Zanzibar,(Channel,)Africa,  East  coast     .     ,     . 

Zaudzl,  Mayotta,  Comoro  Islands 

Zebfi,  Port,  Filipinas 

Zeyla,  Africa,  East  coast 

Zieriliiee,  Netherland 

Zoolia,Red  Sea 

,.,  i.,C(H>5jIc 

^""^^                                    TABLE   LVII. 

The  following  (able  contsini  exiracU  froo)  the  Nautical  Almanac  tot  the  yev 

may  not  hwe  a  o<^y  of  thai  Almaoac  to  refer  lo. 

•^^t.'^' 

STARS. 

0  Houu. 

3  Hoi/Bi. 

6   UODM. 

1       9  HoiriK.       1 

jfwnw 

DIrttKH.     P.  I. 

rHMnncia.  I'p.  L. 

1836. 

e      t      II 

0             m| 

a       1       ii\ 

=      '      " 

Jtaaujt 

AldebuuiW- 

66    8  5918B0 
61    40    i3i348 

6j  4<   43h87i 

t\i%^\-^%'^T\ 

Ant&m  ..E. 

S  'I  ±li 

3o   58   49  3o5s 

43  37  49311 

Oct.      30 

Sun B. 

113    54    10  3458 

MT      3l      59I3459 

■  10    u    49346u|ioB   So   4o|346o| 

■^Junml" 

13   HoDM. 

15  Hotrn*. 

18  Hoyu. 

1      21  Ht-rni.      { 

^•uT-ou. 

DUUDUH. 

P.  L. 

p  I 

DlMDOU. 

F.  l.|   OMiaeaa. 

P.  L. 

1836. 

a      1      II 

0      1      a 

0           ,        . 

0      , 

Feb.     19 

Sun E. 

5t    iB    ic 

iS-ii 

49  48     9 

j5S 

15! 

155 1 

Aug     H 

Mar. E. 

ii4   SS     6 

M55 

1.1    30  49 

i479l'09    49    7 

iqfl 

MNM^f  Stmi~diam€Ur,  HotiimtUd  PartUiax,  tft.                                1 

"•Ao^r 

U5^„ 

!!<«•.  a..Uli. 

r^^^. 

Emmpteal.W.X. 
p.  S32,tMl,  3«3. 

j(>*>n«. 

AW-. 

AW.k 

AT—. 

iftn. 

MUm. 

AWn. 

JHU.. 

a      ,     n 

u 

1 

1      n 

1     It 

1      '1 

185  i6  17.6 

N.  o^a 

[5    4J 

■  5    S.5 

55  »oJ 

55  33.8 

AprU      1 

0.0001753 

i5  58.- 

58  55.9 
54  loS 

£1.  Ii.  p.  233. 
III.  Vm.S34,9W. 

0.34 

^^^^ 

Miy     11 

5o  45  58.fl 

.5  t6J 

i5  ia.5 

55  48.6 

£x.  IV.  p.  335. 

9.»4566s 

16  17-a 

5941.5 

5946.0 

iEx.  V.p.236. 

??«1 

■^ti 

lime    ac 

80    5  53.8 
.53  u  575 

N.  D.B« 

i5    9.6 

L.  VI.  p  337. 

Aug.    26 

s.  0.4a 

■6  i4.f 

16  10.0 

5,36.; 

60  3.8 

|ei.  VIl.p.S38. 

oM 

ojy>4]6i4 

Juna    36 

95  46  ao.o 
■S3  i4  i6.6 

0.007178- 

16  3o.( 

16  35.7 

«  36^ 

1  Ex.  L  p.  173. 

a? 

0.007188c 

16  39^ 

ii   16.4 

Sept    M 

Ex.  n.  p.  ITS. 
Ex.  p.  S14. 

147  »  11.8 

9.99J7»7» 

14  48.5 

54  10.6 

54  31.1 

Am'i  il^M  JMMMon,  V^-                                               | 

^So^uT 

THE  BUN'S 

W-. 

* 

?iS 

JTuniru. 

b.   IB.   ■. 

0      1    It 

a.   •- 

h.  n.    a. 

30 

i6  11  id.56 
i6  i6  33.08 
4  .3     i-iT, 
4  17    5.56 

a.i.  3330.7 

11  43  ^8.7 

16  14.S 
r6  14.9 

--11  ir.56 

+10  59.70 

.6  33  36.1 
>6  37  31.68 

Eniiip)e,p.2ia 

27 

N.ii   11   i4.° 

.5  48.0 
15  47.8 

--  3  17.61 
--  3  11.11 

4  10  16.68 

Ex.  1  p.  815. 

Ju.       6 

■9    1  55Jo 

8. 11  4i  S3^ 

[6  .7.3 
16  173 

—  5  16.11 
-S  51.93 

+  1  3.I0 

.8  56  .9.19 
.9    0  a5.8S 

Ex.  11.  p.  316. 

SepL      S 

.i     7  47-31 

N.   5  35  55.7 

■  5  54.5 

Ex.  I.  p.  »17. 

5  i3  14.6 

■  5  54.8 

t;S 

AprU   16 

1  38  10.06 

Ex.  n.  p.  3I& 

July     24 

S  i5    5.79 

8  19  3.;S 

i3  i3  10^5 

.9  5o  .8.5 

i5  46.1 

-6    8.74 

8    8  57.05 

^:tuv,i 

-ro  .5:45 

16    6.7 

i3  Ti  45.40 

Ex.  Tl.  p.  231. 

i3  16  51.37 

16    6.5 

i3  16  41.96 

Oct.     3C 

■  4  19    6.64 
3  t3  18.14 

i3  a  18.1 

■4  35  19.41 

May     11 

3  17  .1.77 

11  40  5i.5o 

S.  .3  54  17-3 

UiB  (innnml  ilinr.    Tliiua  alpii  nuat  M  ckuifMl  irm  irMi  ta  obMIn  tk*  nun  Uifl*  Osm  tk*  mvuM"!"".    J 

TABLE   LVIT.  '"«'*' 

The  following  table  coatains  exiracu  from  ihr  Nautical  Almanac  for  the  jear 
1836,  ill  those  parts  which  ue  UBed  id  ihja  work,  to  accommodate  those  who 
may  not  have  a  copj  of  that  Almaoac  to  refer  to. 


Siat'i  Dedinatwn,  tfc 


THE  BUS'S 


7  56-79 


{:?! 


TliU,  »  la     Dlir.Alt 


2   ex.  p.  250. 
i1E».  p.S48- 


MMn'i  Dttlination,  tfc. 


UdhA. 


1836. 
April    IS 


TBG   MOON'S 


3  5j  4 
i6  3» 


8  36.16 
n  35M 
i  38,05 
^  39.34 


I.  St   i3  51.7 

.   »3  37  J3.1 

33  46  3i.i 

I.       8    47    3-7^ 


Moon't  Patiagt  tPtr  the  Men^aa,  tfc 


0^^,* 


63  .1  59.5 
74  57  Jo-9 
i47  38  36.0 
161  34  >8.< 
i5  34  19.1 
aS  45  S3.< 
:3o  4  341 
4>  I  16. 
5  I  33. 
55  45   11. 


Hooi'a  IjVliait. 


N.  o  36  36.9 
I  4a  46.a 

S.  o  56  39 
a  14  35.0 


Mtd,Ufil.        ffc. 


1    ,1  9.5 

'  l3  9-- 

I  37  o. 

)  So  4.6 

a  i5  a3. 


Dtdiaalwni,  Bight  J»censient,  and  THme  ijf  patting  Iht  Mtndian  o/Jvptltr,  Vtnvt,  tfc. 


a.TjearK 


I9S  I  n.B 

119  $9  34 


II  19  9D.9 
g  9B  K.S  0. 


3  D.SWM8K 

D  sassgoeo 

0.7193880 


Bnm^^I.  p.  174. 
EiimiMi'lI.  p.m. 

Eniniita  If.  p  dll. 
BnmplB,  f.  am. 
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90" 
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93 
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So 

6a 

70 
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.3* 
.3* 
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.3* 
.3" 
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.a" 
•a' 
.a' 

.3- 
.a- 

.6 

is 

.5 

.a" 

i4 
•9 

.a* 

is 
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is 

ie 

I.S 
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.8 
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.a- 

3.1 

3o 

40 
So 
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TO 
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40" 
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ao" 
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TABLE   LVIII. 


Tailk  LTinabowl  newly  tlie  mtot  in  tongitude,  in  rhIm  and  tenth*  of  a  mile, 
oeeamoned  bv  an  rrror  •>{  one  mile  in  the  biiiiuile. 

Tbua,  when  the  eiin's  attitude  ia  30°,  the  latitude  30°,  and  the  polar  diaianeo 
100°,  tlie  error  ia  8  tenths  of  a  mile. 

The  error  a^cta  the  lougitude  aa  foUowa;  — 


When  in  10«M  loD^.,  )  A.  H.f  C  dMreowd;  )lrhen  the  correction (  in 

ud    the    litne    ia^  j  the  long,  ii^  \     ii  nuiked   *,   thc^ 

found  ID  eolunn  )F.  M.(  (increued;  )     longitude  i*  (dt 

\t  ben  io  tuM  ifog.,  1  A.  M.  f  f  increawd ;  f  when   the  correotion  C  d< 

uid    Ihr    time   ii>  jtLelong.  ii^  >     a   mu-ked    * ,   the  J 

fbcnd  in  e^Iiunu  )P.  M.^  (decreued;)     loogilude  i»  (in 


„.db,Googlc 


CATALOGUE  OF  THE  TABLES, 


EXAHPLES  OF  THE  USES  OF  THOSE  WHICH  ARE  NOT  EXPLAWi.0  lit  OTHER 
PARTS  OF  THIS  WORK 


Boune*  to  etery  qouter-point  of  the  eompiM. '  Table  II.  ii  oT  llie  buk  nature  and  t: 

Mit  ibi  ounne*  ooDiiiting  of  whole  degreei.  The  rauiner  of  using  tiirae  table*  ia  particu- 
\tl\f  explained  andai  ttu  arliele  of  Inapeotion,  in  the  <lifferenl  Problenu  of  Plane,  Middle 
I^atitade,  and  Mercator'i  Bailing. 

TABLE  HI.  MenJional  ParU.—An  eipluuitioD  of  thia  table  ma^  be  round  in  pagei  78 
Mid  79,  and  Ibe  uei  of  it  ate  ahowo  in  all  Uie  Problenu  of  Mercalor  a  Sailing. 

TABLE  IV.     Hu  8u>'*  DteliiuUian.—Tha  labia  ia  eiplained  ia  page  166. 

TABLE  IV.  A.  Thi>  (able  conuina  the  aquation  aftims  for  cTerj  noon  at  Greenwich, 
iiad  ia  to  be  reduced  to  an;  othei  hour  bv  meana  of  Tabhi  VI.  A.    Thui,  luppoee  tbe  equa- 


(he  equalion  at  the  propoeed  time.  Thii  Oe.  would  bare  been  niUractivE  if  tbe  (iquiition 
had  been  deGnuu^r,  ai  it  i*  in  March.  The  equatioD  oTtime  being  thua  found,  lui.  3ta.  ISa. 
ia  ■  >  be  lubtracted  Aom  the  naartnt  time  9Sih.  u  in  the  tible  to  get  the  ntran  time  Sib 
SDui.  4e«.  If  the  mMM  time  Slh.  SGm.  48(.  had  been  giTco  to  And  Uie  apparaa,  it  mart  be 
applied  difTerentl;  from  the  direction  in  the  table,  and  in  thia  example  muat  therefore  be 
added  to  aih.  Stim.  4tii.  to  oblaio  the  apparent  time  SSh. 

TABLE  V .  Far  riduiinf  du  Sim'm  Dtdination  giamt  fir  A'aon  at  GrtemeUk  to  ray  MJur 
Tiuu  under  any  otitr  Jtaridian. — The  manner  of  uaing  thia  and  tlw  preceding  Table  IV .  in 
explained  in  page*  156  and  157. 

TABLE  VI.  n*  3mt't  RiglU  JnawiM.— The  Bon'*  mean  rirbl  aBeniion  given  ■» 
ihia  table  ma;  be  naed  when  a  Nautical  Aimanae  cannot  be  procured,  and  no  great  aoeurac/ 
it  required.  The  table  ia  to  be  entered  at  tbe  top  with  the  month,  and  at  the  aide  with  IIm 
dar  of  the  month. 

TABLE  VI.  A.  ia  explained  in  the  preeepta  for  the  hm  of  Table  IV.  A. 

TABLE  VII.    -fin/ihiiM.— Tbi*  taUe  i*  explained  in  page  \!0. 

TABLE  VIII.  Higlu  AtctHMOtu  and  Dedinatioiu  of  i&  pnnafiat  fistd  Star*.— Thia 
table  oontiin*  the  right  aacensiona  and  declinationa  oT  tbe  principU  fiied  aiara,  adapted  to 
the  lat  ofJanaar;,  1^30,  and  the  annual  Tariation*  in  right  aacenaion  and  declination  ;  bj 
meana  of  which  iJic  right  aaosnaiona  and  declinationa  of  any  of  theae  atara  may  he  obtained 
for  any  lime  before  or  ailer  tbe  year  1S30,  by  the  lule  at  the  end  of  tbe  table.  To  illiuUmte 
the  method  of  doing  this,  we  ahall  here  give  the  rdlcwing  examplea  : — 


ToJfndO*  rvU  a 


EXAUPLK  L 


K  A.  br  lb*  TaMa  la  IK 
VanatioiiiBS]«ra4|B 
K  A.  HajO),  1836 


EXAMPLE  II. 


«.  by  Uh  TaMe  in  1830... 


The  oiiD  a  right  aaceoaion  tbr  any  Ume  mav 
br  taking  proportional  porta  of  the  daily  dtRe 
'l^le  XXX.  XXXI.  B-a  in  caa<^  trhere  no  , 
may  be  obtained  within  tut'i  minutea,  by 


K.  A.(mJuiiai7  t,  IglB 4  BS   9 

EXAMPLE  rv. 

BaqulTHl  tba  rl|lu  aacanitnii  gf  Blitua,  Nonaitar 

••'<"'■  h.Bi.  a. 

B.  A.  by  thaTahts  in  J830 6  3T  39 


Nonmlw  e.  I8II 

be  fbund  ooeniBtely  by  tbe  Na'jttcol  A 


CATALOGUE  OF  THE  TABLES. 
To  find  Ue  dedinalion  of  a  tlar  at  anaf  bm*. 


Decllutloii  bvlhiiTiihle  In  I83D 


Bnialnd  Iha  decJinutoa  of  Aldibir 

.,J..u..Tl, 

Vuiuloa  Id  IO  y*»  1'  W.  luMnct 

'.'.'. i 

EXAMPLE  IV. 

Novtuber  «, 

DmIJuKob  liT  tba  Tibia  Id  1830  ... 

...  18*  Wi*. 

The  rieht  ucension*  ftnci  declinttiona  oblnined  by  the  preceding  oalculationa,  are  the 
mean  vituei,  to  which  niiiat  be  (.pplied  lh»  correcUoiu  for  Uie  Nutation  and  Aiwmtion 
Tablea  XLll.  XLlll.  in  ami  where  ^at  acenrac;  ii  reqaiied,  a*  ti  now  done  in  the 
Nautical  Almanac  for  100  of  the  brighten  atira  for  CTerr  IQ  day*  in  the  year )  and  th« 
tiamben  in  the  Niatieal  Almanaa  an  to  be  prelened.  wa  uiuat  oeglect  Iha  conection 
Part  III.,  Table  XLIU.,  wtwn  tlw  naui  equiwu  m  wad,  w  ia  tlw  ohm  with  the  impioTcd 
Huiti«al  Almanac. 


n  a  Mar  wUbt  on  &e  Meridian 


RuLS.     Find  the  right  aaoeniion  of  the  ion  and  (tar  in  the  preceding  Tablea  VI.  and 
Vlll.;  inbtraol  the  lun'i  right  aacenaiim  &om  the  atar'a,  having  pieTioualy  increaaed  tba   * 
"A  hour*  when  Iha  aun'a  right  aacanaioa  ia  the  greateal;  thp  remainder  will  be  the 


r  by  34  h 

of  the  •< 


EXAMPLE  I. 
Al  what  tima  wUl  AJdebarao  be  00 

tluBMldlaD, 

fu^^.!!^\^T!":::::::. 

M 

aaM 

AUabuBB  aooilM  tD  tke         t 

EXAKPLB  lU, 

bean  tka  na- 
il. D. 

¥^ 

^ 

la  tba  aKalni 

"7^ 

EXAMPLE  IV. 


IB  tba  B 


Role.    Add  the 


To  find  whit  aUv  wiU  mme  upon  the  tntridian  at  aiy  given  time. 

aoon'  to  the  right  aacenaion  or  the  lun.  the  aum  (rejeotiUj| 
Wt  Doura  waen  ii  eiceeoa  sa;  wiU  be  the  risht  aacenaiou  of  the  atar  required  to  be  linnwD  ; 
with  which  enter  the  table  ttt'  the  itar'a  right  aw»naion,  and  Bnd  what  atar'a  right  aacennon 

yeuB  with,  or  cornea  the  naaieal  to  it,  and  that  will  be  the  atar  required,  if  tb  declination 
tlie  atar  agreea  with  tlie  tMa,  which  majr  be  aacettained  by  obaecTing  the  meridian 
■Uilnde  of  the  atai,  the  latitnda  of  the  place  bnng  given. 


EXAMPLE  I. 


■•T-S-eftffgl? 


CATAUGUE   OF  THE  TABLES. 


kJT'^ 


preeepu  of  Tabiei  XXX.  SXXL. 

TABLE  IX.  Semi'ditinuU  Bitd  Smu-iUKittnuU  urcha. — Thia  table  CKhibita  half  the  time 
that  a  celeitiai  object  coatinoea  &bovG  the  faortion  when  the  latituds  uid  dncliiuaiaii  are  at 
the  aauie  nanie,  or  below  when  Ihey  are  of  i  conlnry  aune ;  the  fbnner  time  being  uauallj 
m'W  the  aemi -diurnal  arch,  the  lattei  the  «emi-noctunul  uohl  wbeBoe  Ibe  time  of  riMng 
■nd  setting  may  be  computed  bj  tlK  foUowiog  lule*  : — 

Tojmd  Oit  time  qfl/ia  tun'*  riting  and  letting,  and  (Ae  Ungth  of  Ike  dag  and  nigkL 

RnLK.  Find  the  lua'a  declinatioa  at  the  top  of  the  table,  and  the  latitude  in  either  aide 
eolumD  ;  under  the  rormer,  and  oppoaite  the  taUer,  will  be  the  time  of  the  aun'a  aetting  if  the 
latitude  and  declination  are  of  Uie  aame  name,  but  the  time  of  riaing  if  of  diKrenl  namBC. 
The  time  of  rising,  subtracted  from  IShoura,  will  sire  the  time  of  aetlinKi  oi  the  time  of  aettinc, 
■ubiracted  from  12  houra,  will  give  the  ^me  of  rising.  The  time  of  riung,  being  doubled,  wfll 
rive  the  length  of  the  nighti  and  the  time  of  aetting,  being  doubled,  will  give  the  length  of 


a.,. 


Let  it  be  required  to  find  the  time  of  the  sun's  Hung  and  lett 
Jay  and  night,  in  latitude  51*  north,  the  l»th  of  July,  1B37. 
The  sun's  declination  on  the  given  day  is  S0°  5^  north,  or  31' 


letting,  with  the  length  ef  tit* 


against  the  latitude  51°, 


id  7h.  63m    the  time  of  the  ai 


hi.  Ijl°  north,  which  doubled,  givea  15b.  46m.,  the  length  of  the  day ;  and  tiy  au 

Th  .'iSm.  from  12h.,  the  remainder,  4h.  7m.,  ia  the  time  of  the  sun's  rising,  which  doubled  rimsf 

uh    lim  ihn  1....J1.  ..rik.  w,:^\.t 


Hh,  14m.  the  lengii  of  the  night.' 
But,  when  the  aiu  baa  31'^souU 


I'' south  declination  in  this  latitude,  the  time  of  son-setting  be 
^mea  4h.  7m.,  the  time  of  rising  7h.  53m.,  the  length  of  the  day  Hh.  Hm.,  and  tba  Iragth 
■rf"  the  night  16h.  46m.,  as  1        '  '  '     "  "         '       "■*- 


n  neuly  on  the  2Clh  of  November,  Itt^. 


EXAMPLE  II. 

Let  It  b«  required  Ui  And  Uie  tlnu 

Mt,  Hliing,  anti  ihe  It-Biih  ar  Uie  d 

tmum,  the  13th  of  July,  laSS. 

Under  «•,  wblcii  is  iiearlr  Uie  decl 

that  da/,  and  ngalnet  4A-S3>  or  < 

latitude  of  Bostva,  stands  U>e  U 


Bablraitsd  ftnm  I9fa.  Ii 


EXAMPLE  in. 
»  ilBu  of  Uu  sun's  rislni  and  sbUbi, 
isy, In  lUUude M'SS' 8., Hny  IWsltaE 
ial8^B7<orl9'N.  h.m. 


■lelnf 

„_  of  (far..., 

Bun^iiliiidaiitileiliaUwIeailheraiihi.... 

When  a  great  degree  of  loouney  is  nxgnired,  proportional  parts  may  be  taken  tar  the 
ciinutei  of  latitude  lud  declination. 

To  JMlhe  (tne  qfriimg  and  itUing  0/  itan  whoM  dedmatjon  doet  nut  exeud  23'' SS 

Enter  Table  IX.uid  And  thevtar'sdeclinatkm  atthetop.anddie  latitude  u  the  side;  uuilei 
the  lurmer,  and  opposile  to  the  latter,  will  be  the  iemJ-.diunKt  arch,  when  the  latitude  and 
declination  are  both  north  01  both  south ;  but  If  one  be  north  and  the  other  south,  the  diffeienee 
between  the  Tabular  number  and  l3houn  will  be  the  semi-diurnal  arch.  Find  the  time  of  the 
Mar's  coming  to  the  meridian  according  to  the  precepts  of  Ty>le  VIll.,  and  nubtrmol  tberefiiMn 
the  semi-diurnal  arch :  the  difference  will  be  the  time  of  rising ;  or  by  addinir  together  tte 
semi-diumoj  arch,  ami  the  time  of  paaaiu([  tbu  maridiaa,  the  time  of  setting  will  be  obtained. 


EXAHPLB  IV. 

Jtcew'ber  1,  In  luituds  if  H.      ""^ 
Tke  ilmeDf  Uie  Bar's  onnlna to  Ibenierldl-      h.  m. 

TlHcfUi'irfslnllnlllenHimlnf 1  » 

Added|lTi>Uiel1nieofthestar'*(eala|..,   IT  M 

EXAMPLE  V. 
WbO  Umewill  Uw  Dof-Mar  SMoa  rlsa  and  set 

Ptalladelpkia,  Feb.  1 ! 
UndertliededlBalton,  wklrblsneBr-              k. 

'^h'S.'tfSi.^T'ti^"^ " 

Tlie  ottr  »«as   la    Um   Beridtea    la   oi 

Bum,  r^w-ltnr  IS  hoiira,  h  the  (tntorsal- 

DinninuisUiEtlDii^rlsiailB'ibaevH-tBi    4 
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!n  like  manner  quj'  tlie  tiling  and  ■citing  of  any  planet  be  foond  whan  thr  deeliiMtiOB 
doea  DOl  BXoeed  >U"  21^,  and  the  tinte  of  the  pawagr  oTer  the  meridian  ii  known. 

Suppose  it  waa  raqnirrd  to  find  the  time  of  Jnpiler'i  tiling  and  letting,  Au^il  7,  1836, 
aiTifaftoount,  in  the  Utitode  of  BS^  ."j. 

In  the  Nautical  Almanaa  for  1H36, 1  tiad  that  Jupiter  pawn  the  meridian,  Auauat  6d.  83h. 
l)m.,or  Anguat  7d.  Uh.  11m.  A.M.,  ciTil account,  hia declioalion being  80^17'  n.,OT  nearlj 
SCT'.  Under  tbe  declination  90°,  and  oppoaite  to  the  laUtude  SOT,  aland  7h.  Sim.,  which  w 
half  the  time  Jnpiler  ii  abore  tbe  boiimn ;  thia  subtracted  &om  12h.  leafei  balf  the  timt 
that  he  ii  below  the  horiion,  4h.  Shn, ;  aubtracting  Th.  61m.  from  lib.  11m.  A.  M.  le'Tet 
3b.  aOm.  A.  M.,  Augoat  7,  tbr  the  lime  of  Jupiter^  riling;  and  added  to  llh.  11m.  give* 
7h.  Sm.  P.  M.,  Annual  7,  for  tbe  time  of  Jnpiter'i  Mtting,  nearly. 

Suppose  it  wai  required  to  find  Ihetiiue  of  the  moon's  letting,  Hay  3, 1836,  civil  account, 


1  the  Nautical  Almanae,  pagei  it.  t.,  we  find  that  the  moon  pasKS  the  meridi 
13h.  35m.,  or  May  3d.  Oh.  35m.  A.M.,  ciril  accoonl)  her  declination  bein a    '^ 
Under  the  declination  IS°,  and  oppoaite  to  tbe  latitude  52",  itand  7h.  3Um.,  hdf 


ODD  ia  below  the  hariion.     Subtiacting  thii&om  13h.  we  get  half  th     .         _    _  .  .  .__ 

horiion,  4h.  32m. ;  adding  this  to  Oh.  Sam.  we  obtain  the  time  of  the  moon'i  setting  May 
Ud. -th.  57m.,  oiTil  account.  If  we  ■tibtract4h.  93m.,  &om  Oh.  36m.  +  34h.,  we  get  tbe  time 
oftwwg  Ma;  Id.  SOh.  13m.  or  May  Id.  8h.  13m.  F-  M. 

If  greater  aoeuracy  ii  required,  yon  moit  find  the  time  at  Greenwich  correaponding  to 
thia  appioziniale  time  of  her  riaing  and  setting  ;  then  find  the  moon'i  declination,  and  the 
right  aaceniioni  of  the  lun  and  moon  for  that  moment  of  time.  The  tbrmer  nibtracled  from 
tbe  latter  leavei  the  eorreoted  time  of  the  moon's  passing  the  meridian.  With  these  data 
repeal  the  operation.  In  this  way  we  may  ohtsin  tlie  time  of  liiing  and  setting  to  any  de* 
gree  of  aoouiacy.  Instead  of  taking  the  diflerence  of  the  right  ascensions  of  the  lun  and 
OMoa,  yoti  may  take  the  daily  diftetence  in  the  time  of  her  coming  to  the  meridian  of 
Gieenwicb,  and  take  a  proportional  part  for  the  longitude  of  the  plaee  of  obeerTaUon  {hy 
means  of  Table  XXVHl.)  and  auother  proportional  port,  for  tbe  interTa]  between  the  bout 
of  passing  the  meridisn,  and  the  time  of  rising  or  setting.* 

It  may  be  noted,  that  the  numbera  of  Table  IX.  were  calculated  for  the  moment  the  uin'i 
centre  appeata  in  the  true  horiion ;  allowance  ought  to  be  made  for  tbe  dip,  parallax,  and 
refraction,  by  which  the  sun  and  itars,  when  near  the  horiion,  appear  in  general  to  be  ele- 
vated above  half  a  denee  above  their  true  place,  and  tbe  moon  as  much  below  her  true  place. 

TABLE  X.  ForituUag  Ikt  Distance  ijf  my  Terratriid  ObJMI  at  j^.— The  eiptanatioD 
and  use  of  this  table  a  given  in  Problems  useful  in  Navigation,  VIII.—XII.,  pages  95,  96. 

TABLE  X.  A.  For  the  planeta  is  limilar  to  Table  XIV.  for  the  sun.  The  psrallai  if 
found  by  entering  at  the  top  with  the  planet'a  horizontal  parallel,  and  at  the  aide  with  tb* 
altitode  of  the  planet ;  the  correspondii^  number  is  the  psrallaa  of  the  planet  in  altitude. 

TABLE    XI.     Tailt  of  Proportioaal  Parts.— The  method  of  uiing  this  table  La  given  b 


the  prejiarBtions  necessary  for  working  a  lunar  observation  page  2 
TABLE   XII.      lhU<0/Re/rac(i<>n.— Explained  in  page  154. 
TABLE  XIII.     £>i;>o/<Ai!  r/oriton.— Explained  ir 


TABLE  XIV.     Sun'j  i'drufim  tn  ^Uifuds.— Kiplained  in  page  11 

TABLE  XV.  MfMBOation  of  Iht  Moon's  Semi-dianmer.— The  moon's  semi-diametei 
given  in  the  Nautical  Almanac  ii  tbe  same  as  would  be  seen  by  a  spectator  supposed  to  be 
plsced  si  the  centre  of  the  earth,  or  nearly  the  aame  aa  would  be  sei-n  by  a  spectator  on  the 
surfoca  <>f  the  earth,  when  the  moon  is  in  the  horiion.  Now,  when  the  moon  i>  in  the  zenith 
of  tbe  spectator  placed  at  the  surfsce,  her  distance  Irom  him  is  less  than  when  st  the  horiion 
by  a  semi-diameter  of  the  earth;  consequently  her  apparent  semi-diameter  must  be  aug- 
mented in  proportion  as  ths  distance  is  decreased,  that  is,  abont  one  sixtieth  part,  or  Iti''. 
At  interinediale  altitudes  between  the  borizoD  and  lenitb,  the  augmentation  is  proportional 
to  tbe  sine  of  the  sJtitude,  and  the  value  for  every  5°  or  10^  of  altitude  ia  given  m  Tabh 
XV.  Tbe  augmentation  com'sponding  to  the  altitude  being  found  in  the  table,  must  be 
added  to  the  semi-diameter  taken  from  the  Naatical  Almanac  for  tbe  time  of  observation 
reduced  to  Greenwich  time,  as  is  explained  in  the  preparations  necessary  for  working  a 
itmar  observation. 

TAB)  .E  XVI,  Dip  of  Iht  Sta  at  Diffirau  Dialanctt  /ran  tlit  OiMnwr.— Explained  io 
rage  155. 

TABLE  XVll.  For  finding  die  DifftTntct  bHtetmW  and  On  Correction  of  tie  M'lud* 
■f  a  Star  or  Plamt,for  ParaUax  and  Rtfrartion;  alto  Clu  corretpanding  LogaritAm.—Tha 
fcat  pagn  of  this  tatile  is  to  be  nsed  for  a  star,  or  for  tbe  planets  Jupiter  and  Saturn,  whose 
■anllax  is  small.  In  other  cases,  that  page  of  the  table  is  to  be  used,  which  nontains,  si  the 
M*,  the  horiiontal  parallax  of  the  planet,  or  comas  tbe  nearest  to  itj  the  tables  being  cat 


Jbr  Parallax  and  R^frattum  and  60*,  alto  a  Logarithm  eomtpondtug  tktrtto. — The  manner 
of  taking  the  numbers  from  the  two  preceding  tables,  and  the  uses  to  which  they  may  be 
applied,  are  explained   in  the  preparations  necessary  for  working  a  lunar  obMrvation, 

TABI^E  XIX.     Ferfatdinga  Cometion  and  LoptrilAm  titid  in  Uib  Firit  Method  of  aork- 
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MfaXwiar  ObtenxUieii. — Thi  correction  foand  in  thiB  table,  bein^  ■ubtodnl  ftooi  6l^  49 
•nil  have  s  remainder  equal  to  the  correction  of  tlie  moon'i  altitude  for  paiailai  and  re- 
AbcUod.  It  will  br  unneceaaarj  here  tu  point  out  the  method  of  tailing  oul  this  eon«clioB 
■a  it  la  Tully  eaplaineii  in  11k  Gnt  pagea  of  tlie  tat)ie.  It  ma;  not  hoveier,  be  anuaa  to 
•t>irr*e,  that,  ifler  cnnatruotinf  the  Eogarithmi  of  thia  table,  it  waa  concludtHd  tc  aulitract 
Ibererroin  the  anMBWl  oorrecUon  of  the  Table  C  eoneapnndinr,  in  order  to  render  thoas 
ootrectiona  adc^tive.  Thai  the  ioArithm  cormponduur  to  the  alt.  30*  and  hor,  par.  Sf, 
waa  Toiiod  at  finl  to  be  11372  ;  and  tot  the  hor.  pu.  54'  lif  the  ooneclioo  wta  3%8 ;  lo  tha 
if  thnr  number*  had  been  publiahed,  the  correctioD  for  ifconda  of  parallax  waiM  hare  been 
■nbtraoliTe  i  but  u  thii  would  have  been  inconvenient,  il  wai  thaught  expedient  to  aabtraot 
fiom  each  of  the  nunibera  Ibua  calculated,  the  greiteat  correepondinj;  oorrection  (d*  Table  C. 
which  in  the  pRcedinr  example  ia  12;  by  tliia  meana  the  abOTe  numben  were  reduced  to 
!£niO  and  2)4C  teapecUvel;,  and  the  correction!  of  Table  C  were  rendered  additive.  In  a 
aimilar  manner  the  reit  of  the  loKarithma  of  tiie  table  were  calcnlaled.  It  ia  owing  lo  tliia 
eireuinilance  that  the  correctiona  in  Table  C  for  0"  of  parallax  are  greater  than  for  any  other 

namber.     Bimilar  method*  wr--  — '  ' 1— i-^--  ■1—  -.i 1 r  "■■—  .-i-i-  — i  :- 

g  the  Table*  A  and  B 


n  calculating  the  other  nuinben  of  thi*  table,  and  ii 


arrannng  thi 

TAltLE   XX.     lUrrf  Cerrtdiim  if  tie  ^parmi  Dutime*.— The  man»r  of  finding  tl 
eorrectioD  from  Ihia  table  i*  explained  in  the  flnt  method  of  oorrecting  the  apparent  di^anoe 
of  the  inoon  from  the  aun,  page  331 ;  and  also  at  the  bottom  of  the  table. 

TABLE  XXI.  To  Tiduct  Lonfitwl*  iaU  Tinu,  mmd  tia  eontrmry^ln  the  Crat  column  nT 
thi*  table  are  contained  degreea  and  minulea  of  longitnde,  in  the  aecood  the  correapondiiig 
hour*  and  minute*,  or  minutea  and  aecond*  of  time  ;  the  other  column*  are  a  conlmuation 
of  the  (irat  and  *eoond  reapectivelj.  The  use  of  ihi*  table  will  evidently  appear  by  a  taw 
example*. 


EXAHFLE  I. 


T*ipMdli« 


OpfHHlueh.  3Bai.  0*... 
B   33    a> 


OppoiHa  Mr  In  esl.  II* 

SouiMtina 

TABLE  XXII.  Provortiimai  Logaritkmt. — Tlieae  logaritlmia  are  very  niefhl  In  finding 
the  mean  time  at  Qreennioh  oorreaponding  to  the  true  diitance  of  the  moon  fVom  the 
*un  or  star,  aa  I*  explained  in  the  example*  of  working  a  lunar  obaerralion.  Thp;  may  be 
alaa  ua^d  like  common  logahthma,  in  working  any  proportion  where  tl>e  tenna  are  gireo  in 
degree*,  minulea,  and  aecooda ;  or  in  houra,  minutes  and  leconda,  aa  in  tiie  example  of 
taking  a  lunar  obaerTatioQ  by  one  obaervei.    Tlie  table  '    ---     ■   '      >    .    ~-    -  m- 


,  ..  Lt  i*, reckon  degree*!*  m 

la  before  )  abaerving  lo  write  down  t 
--■■■—  la  degree*,  aecond*  a*  ni 


t  grade   bisher;  that 
nalead  of  t^ing  ■  ' 
lower,  you  may  change  two  of  the  lerma  only,  vix.  one  of  the  mit^e  tenn*  and 


ixtended  o: 
1  may  take 
!ond*,  dtc.,  and  work  the  proportion 
,  ■ade   higlier ;  that  ia, 
!,&«.     In*leadoft^inj(all  the  te 


i'one*.?^ 
le  term*  ;  thus  the  lit  and  3d  or  the  IhI  and  Sd  may  be  taken  one  grade  leaa,  and  the 
fourth  term  will  be  given  correctly ;  but  if  the  fourth  term  be  talien  one  grade  leaa,  yon 
•nuat,  ailer  working  Uw  proportion,  write  il  one  grade  higher,  as  i*  evident.  To  illuatnla 
thia,  we  *hall  give  the  following  examplea : — 

EXAMPI.E  1. 
If  In  iSm.  10a.  of  tima  Um  aun  riMs  7  W,  haw 
TiiTb  will  it  riaa  in  3iu.  IM.  at  Iha  mm  rau  I 
Ai     lim.  Id*  ..Arllb.  Coaip....Pnn.  Lof.  S.SSH 

l.to    B-W PiT.p.Lp«.    .osia 

Bo  la  am.  ItlB. Prdp.  Lnf.  1£M1 


Ai      I9ni.  Oa....Arlth.  Coil1|i....Pnip.  Log.  3.8939 
Bv  l>  4bl  «1^  ".'.'.'.'.'.'.'.'.'.'.'.'.' '.'.'mp.'  Ijf."  l.aiM 

To      VaVt" rmp.  lof.  l.8SiS 

Whu-k,  uk«  uaa  |nd*  klglHr,  la  9*  3>  V,  tba  an- 


„  Aitih.aK^,..,rTOf.ho%.  S.IM0 

Frap.  IM.  I.OW 

Prop.  Lot.  IJMH 


Um  tbe  Sd  sod  «b  l«ma  bum  b«  takin  nne  giad* 

Aa      IBn,  0*....Aiftli.  Cemf—.trnp.  [«.  tMK 

lau    »  BTK Prop.  I^w.  I.7I7J 

....Pnp.U«.  I.?M? 
rRip.[dC  0.4919 


Wtalrh.  lalsB  01 


*  ty  Ivo  JItitudMM  tf  du  Am.— The  manner  <rf 
teexampleaof  double  altitude!  given  in  pagea  IS!t-'189. 
HCf. — Thia  table  eontaina  the  natural  aine  and  coaine  ftr 
le  of  the  quadrant  to  the  rediua  100000,  and  ia  to  be  entered  at  the  lop  or  boUon 
with  Ihe  degree*,  and  at  the  tide  marked  H.  with  the  minule* :  the  correaponding  DumboB 


TABLE  XXIII.     rWjCninyt 
oeins  ibia  table  ii  explained  intneexampli 

TABLE   XXIV.     JfatKtal   Siacf.— This  table  eon 


iflpfKtion,  tbe  proport^onU 
i)gl«  ;  the  second*  being 
Uu  adjoining  eolunuL 


calumn  nluked  H.,uid  toe  correction  in  the  adjoining  column 
it  wen  reqvired  to  fiad  tbenstnral  nDC  corre*uondine  to  SS"  IS*  19": 
a  of  SS^iSI  tuida6»43'  ia  S6 ;  being  the  nine  ■•at  (he  top  of  the  lef^ 


CATALOGtJB  UP  THE  TABLES, 
wmbe  the 

the  top,  iLe  name  line   coainp,  and  M.,  "tnuit  atio  be  found  at  the  top,  a 

llw  oeffiv!!  an  found  at  the  bottom.     Tbiu  fJSlab  u  the  nalural  aiue  ol'  tl5"  Hi',  or  'tJ;r 

We  hnvi  given   in  liiii  edition  of  the  prevnt  table,  in  the  outer  columng  of  the  m 
lablei  ol  proportional  [uirti,  for  the  purpoie  of  finding  nearly,  by  ii 
part  correiponding  to  any  nomber  of  aecondi  in  Uie  prapoaed  a. 

Ii>imd  ill  the   rnarginal  B"' ''""'   "     — "■  """"    "  '"    ' 

Unit,  if  we  luppoee  that  i 
the  dUTeitnce  of  the  ainea  ol 

buid  column  of  the  table  )  and  in  this  column,  and  oppoiil^  tt  _     .  _,..._ 

correction  S.  Adding  tliia  to  the  above  Dumber  4^^360,  becanse  the  numben  are  incrtamng, 
we  get  43374  for  the  aine  of  95°  43'  19".  In  like  manner,  we  find  the  coaine  of  the  oama 
uiffe  to  be  90108  —  4>s!m04,  naing  the  tight.htmd  columna,  and  tubtratting  because 
the  Qumbera  are  daertat'mg i  obaerving,  howeTCi,  tJial  the  nomber  14  at  the  top  of  Ihia 
oolnmn  vsiies  I  from  ihe  difference  between  the  coainea  of  25°  4S'  and  'J5°  43',  which  ia 
only  13 ;  so  that  the  table  may  ^ve  in  some  casei  a  unit  too  much,  between  Ibe  anglea 
Sj"  Vt  nnd  2G''  43' ;  but  tliia  ia,  in  general,  of  but  little  importance,  and  when  rery  great 
■ccnracy  ia  required,  the  usual  method  of  proportional  parta  ia  to  be  reaorted  to,  using  the 
actual  tabular  difference,  Bimilar  lahlea  of  proportional  parta  are  inserted  in  this  edition  of 
Tables  XXVI.  XXVll.  for  the  like  purpose. 

TABLE  XXV.  LegarithmU  Sin  ■" 
l^aiat  of  the  Compiuf .— This  Ubia  ia 
is  given  in  points.  The  courae  is  to  be  fonnd  in  the  aide  column,  and  opposite  thereto  will 
be  tile  log.  Bine,  tangent,  &o. ;  the  names  being  found  at  the  top  whan  the  course  is  less 
than  4  poinla,  otherwiae  at  the  bottom. 

TABLE  XXVI.  LogTithmt  of  Nvmben.— The  eiplaDBtion  and  uws  of  thU  table  an 
firen  in  Uie  article  treating  on  logarithma  in  the  body  of  the  work,  pagea  28 — 33. 

TABLE  XXVIl.  logarilkmic  3aut,  TamgeaU,  and  %ci«U.— Thia  table  is  explained  in 
the  corresponding  article  in  the  body  of  the  work,  pages  33  -S-S. 

TABLE  XXVin.  Fur  Tiivdng  (Aa  Tivu  of  Out  Jlom't  I'ata^t  tntr  the  Meridian  o/ 
Ortaiwick,  to  the  lime  of  her  Paaagt  over  any  oAer  Meridian. — The  manner  of  doing  this 
■  explained  in  the  correaponding  part  of  the  body  of  the  work,  page  170. 

TABLE  XXIX.  Correction  of  At  Moon-i  jJltUuiU  for  Pnroftti  and  Refroclian.—TJii- 
mean  correction  of  the  moon's  ^tilude  ia  given  in  tliia  table  for  even  degree  of  aitilude 
lh>m  10"  toUO".    The  manner  of  uiing  thid  lible  ia  eipluned  in  pafea  173,173. 

TABLES  XXX.  XXXI.  For  fiii£ug  IM*  Sun't  tUgkl  Awennm  and  Declinatum,  the 
Equation  of  7W,  and  lie  Moon'M  Right  Ascenaitm. — The  uses  of  these  tablee  will  be  seen 
*    ■■      *  "  ---      '--  ■'■e  values  for  apparent  noon  be.ng  taken  &uro  the  NauticaJ 


h  the  foUowing  eiamplea,  the  vi 
AImana«,  together  with  the  horary 


Requiisd  Iha  «|iiu 


EXAMPLE  IL 


unt,  al  Cm 


Hers  lbs  boruy  uiiKlgii  b;  N.  A.  Is  0s,3e4. 

Eqiiat<iin<<tlB>»Jal]ie,BlRnan,brN.A.  +441.3 

Hot.  motloa  Sh.  X  OsJ</h 3.9 

F«  KhB.  In  l-sMe  XXX A 

EqnBlIntiafttDM,l836,  JiilyM.eb.SOm.  +190.3 

EXAMPLE   IV. 
Rsqnlnd  lbs  diood'i  ri|bt  ssrenainn  In  \ex,  Haj 

B;  K.  A.  Kt.  Al.  May  lid.  ISk.  \m  d'k'WjG 
Hay  lid.  1Th.il D S3  48.72 
Bar.  IDMUHIIn  Rl^  Airsnilon        1  ».lTE]t9' P 
PrsponkHial  pan  for  asm.  3t!i. 

Ttbit  XXX.,tm:x IDS 

Add  lo  Riibl  A»c  May   lid. 

I7h.  bj^N^A 0  63«no«rtv 

OI>as   a''  Bt-  Asc".  Uay  'Id. 

I7b.3Sn.3eL OM.-a 

KZ  AMPLE  VI. 

■sqnlnd  tbs  ■ooii's  deellsulon  in  I83t,  Bsfit.  IM. 

*^  dm.  Ms.   im  isu.  aMnmonia]  accouM,  al 


'ide,  m  col.  £: 
■,  divided  1i]>  10,  la 


a.  SOL  r  VWMH^ 


CATALOGUE  OF  THE  TABLEa. 


Ttb.  XXX.  l«)"ulop,uiU  301.  ail 


I  by  N.  A.  I43X.I11. 
« 

is' ii  colVH/liM  cat.uiiiM 'by 'lO  i* 


u'il-  '^ 


.  Shu.  39i... 


Ifw 


Mm  11 _  _ 

»  s6".l  li  ulA^,  tecuiH  lAa  dgdlnUtoo  li 
a  find  kceuratsl;  the  time  tlwt  my  aUr  eomt»  Ut 


T'U'IK 


._. J ja  the  meridian,  or  the  tuM  of 

Ktting,  we  muil  take  the  (uq'i  right  aacenaion  for  noon  at  Oreenwioh,  fton  tbr 
Naatioal  Almanac ;  then  tbe  Star's  right  awieniion  from  Table  VIII.,  and  with  tbew  find 
Lhe  Epproiimnle  time  of  riling,  aetting,  or  coming  to  tbe  meridian,  bj  the  method  alraadj 
given  in  the  precppu  for  luing  Tablpi  VlII.  uid  fX.  Then  calculate  the  nin'a  right  aaoen- 
•ion  for  this  npproximale  linK,  and  repeal  the  operation  till  the  aaaomed  and  ealoalated 
times  agree,  and  we  ahall  blve  the  true  time  required. 

To  explain  tbii  method,  wa  ahall  gife  the  foUowing  eaamplea; — 


To  find  &e  Hmt  ^  n»mg  or  letting  iff  a  Oar. 
Roti.  Eater  Table  IX.  with  the  dechnation  of  the  star  at  the  top,  and  the  latitndo  «f  tki 
plaoe  at  the  aide ;  the  coneapanding  number  will  be  the  lime  of  the  atar's  cantinnanoe  abore 
the  horiaon,  when  the  latitude  and  declination  are  of  the  aame  name  ;  but  if  the;  an  oTdit 
ferunt  name*,  the  tabular  number  aubtracted  fVom  lt&.,  will  be  the  time  of  continuance  above 
the  hnriion.  Add  (hia  time  to  the  star's  tight  aaoenaion,  if  we  wish  to  find  tbe  lime  of  set- 
ting ;  but  aubtract  the  former  float  the  latter  if  we  wish  the  time  of  riaing.  From  this  tna 
or  difference  subtract  the  sun 'a  riglil  aaoenaion*  aorreeled  for  the  loniptude  of  the  )lace  \  the 
remainder  will  be  the  approximate  time  soughtt  Elnler  Table  XXXI.  with  tbe  dislaneo  of 
this  apamiimate  time  from  noon,  and  the  horaiy  Tariation  of  tbe  ran's  right  aacension :  tbe 
correction  corresponding  is  ts  be  added  to  the  approximate  time  in  the  foienoon,  hot  anb- 
traoted  in  the  aiVernoon,  and  we  •hall  have  the  correo'ed  time  of  riaing  and  aeUing. 
KXAHPLB  tl. 


SXAMPLB  I. 

At  wtiU  llntf  did  Ihs  ilar  Aldebaran  lel  Ma*  M. 

<B3li,BtAuci»inl,ln  tlm  lultuds  of  aa*  S7  N.  sod  U» 

ton|]lude  of  TT*  *.,  or  Sb.  801.  W,( 

Tbe  nar-i  iteclinallon  irai  19*  IV  N.,  and  Ol*  1*tl- 

■ '   ifiawfiidiliiTalilg 


HV  H,  iia  aec,  or  Hit  33  by  N.  A.  at 

aoaB,suB>sB.A 4i  In.  HoT.  n>.  Ida. 

ilosT.  Ibr  loa|.  Sli.  8m.  W.._      I 

euBiiibncI t B 

Banalns  BPprriTlmite  tliM  nfianlai T    IB 

Con.  In-nib.  XXXI.  riirTb.ian.,aUh.., 1 

Oanedad  IIbh  of  ■stltni,  P.  M I     IT 


1  Urh  dM  lh>  SdcAar  SIHni  ha*  In  As 
r  W  N.,  and  lbs  loaaituda  or  7^00'  W 
90l  vr.,  Jan,  3,  IS^t^  Hia  snoiiKf 
*■  darJbiallan  la  It*  Of  B.,  and  Ibe  laUud* 


..     1    M 


At  w 


Wblcb  ■ubtneud"ham.i 
LaTeslbellmsorUwati 

Uh<  hKrlion 

Bubtrad  nnm  alar^  B-  A. 


Jan.  B,  sBiau.  m  Jaa.  1,  liy  N. 

nixin,  Biin'a  B.  A. ISta.  • 

Corr.  fbr  UMf.  M.  Im.  SDa.  W^_ 
Bubtnd  tbaaiua... 
Bsmalaa  smmxlm.  tlm*  gf  Mil 
Corr.  bi  iSdi.  XXXI.  Ibr  6k.  U 
OcsT.  (iBuof  r)alti|liiUwaftni 


Mm.   llir.  nr.  11 


It  will  t«  b^bn  mlitalibt. 


CATAUiGVIL   OF   TUE.IABLES.  4£> 

TABLE   XXXU.     Vmriaiien  of  the  Ina't  ^UituiU  in  out  MimUefrmi  Abmi. 

TABLE  XXXlll.  To  reduce  Uit  Jfuvderi  of  Tulda  XXXII.  W  utha  g.vai  bUerraU  a) 
Tiau  frotn  JVtxnt. 

TIk  method  of  uaing  the  two  precediDg  tables  ia  explBined  in  the  exainplri  of  liniJine  thf 
latitude  b*  one  dtitude  Isken  neu  noon,  givetj  iu  the  bodj  of  the  vork,  pkge>  801— SOJ. 

TABLE  XXXiV.  Errart  ariiing  fma  a  Dniation  of  1'  in  Ike  Sarfaett  of  the  Ctnir.a 
Mirror.  Thii  Uble  ahowi  the  error  irinins  in  tneuuting  in  angle  by  ui  injiriiinf.iit  of 
reflectioQ  from  ■  deviatioa  of  1'  in  the  pualleltam  of  the  aurfiicea  of  the  centnU  mirror,  the 
line  of  intcraectionof  thoK  anrfacei  (produced  if  neceisBry)  being  peiprndirular  lu  tlie  pliinu 
of  tile  inilmment.  If  the  line  of  inlemection  be  intliiied  U>  thit  plane,  tbe  numbera  in  tbi! 
table  muat,  in  general,  be  decrcitaed  tn  proportion  to  tlie  tine  of  the  angle  of  inclination. 

Tbe  Kcond,  third,  and  fourth  ool urn n>  of  tlie  table  are  cnlculated  upon  the  luppoaition 
IbiL  the  Burftce  of  the  horizon  mirror  ia  inclined  SO"  to  the  aiia  of  the  leleaeape,  or  Uial  tbn 
uigie  inlercepled  between  the  ray  incident  on  Ihe  horiion  glow  and  the  curregponding  re- 
flected raj  passing  through  the  telescope  ta  .{(F,  tvbicb  ia  the  cose  in  circular  matrutiicntj 
of  Dc  lioRiiA'a  conatructioD,  and  on  this  auppoaibon  the  erron  of  an  inalruuienl  in  measur- 
ing difiereat  angle*  ma;  be  ascertained  by  the  rules  in  pages  136  and  143  ;  when  Ihe  inter- 
cepted angle  is  greater  or  less  than  tlO-',  which  ia  the  case  in  most  sextants  and  quadmnla, 
the  error  m  any  measured  angle  corresponding  (o  an  inclination  of  the  surfaces  of  1',  inov 
be  obtained  as  follows: —  . 

Find  in  the  first  column  the  intercepted  angle,  and  the  sum  of  that  angle  and  the  observed 
distance ;  take  the  corresponding  corrections  from  column  5th,  and  their  difference  will  bn 
tlie  sought  correction. 

In  a  circular  instrument  jou  must  find  in  tbe  side  column  the  sum  and  the  difFerence  of 
tlie  intercepted  angle  and  observed  angle,  and  t&ue  out  the  corresponding  corrections  from 
column  Gth  ;  half  Iheir  diflerence  will  lie  tlie  sought  correction.  Having  thus  found  Uie 
correction  corresponding  to  1',  you  may  find  the  correction  Ha  other  angles  as  in  pages  13^ 
■nd  143. 


TABLE  XXXV.  Cnrreeiian  for  a  Dpnalion  of  the  Tdnupe  ^  m  ImtruTtunt  of  Be 
Jkrlim  from  tMt  PamUelUm  la  tkt  Plana  of  Uit  InatntmeiU.—Titt  uses  of  this  table  sr^. 
explained  in  pages  135,  and  U3. 

TABLE  XXXVl.  Correction  oftht  Mean  RffrattUmfar  VariiMt  HtigkU  irfthe  Barom 
ia-  tmd  nermanitter. — The  use  of  this  table  is  explained  in  page  154. 

TABLE  XXXVIl.  LMitvilet  and  Lrmgilmla  of  the  FiiM  Sfar/.— This  Uble  contain?. 
the  latitudes  and  longitudes  of  the  principal  flxed  stars,  adapted  to  the  beginning  of  thx 
year  1830,  with  the  annual  variations  for  precession  and  the  secular  equation,  by  which  lh» 
mean  values  at  any  time  may  be  obtained,  in  like  manner  as  the  right  ascensions  and  decli 
nations  are  from  Tahle  VIII. ;  by  adding  the  correction  of  longitude  after  1030,  subtractin)' 
before  le$30,  and  applying  the  correction  of  latitude  with  the  same  sign  a*  in  the  table  aftsi 
L83U,  but  with  a  oontrarj  sign  before  1U30. 

EXAMPLE  I. 
B«<|ah<*d  the  l«i|ltuda  and  Istttuds  of  ■  Psfasl,  Inly  18, 1898. 

LiBia.  bvlUls  XXXVIl lls.ll-ffT'DS"  j  LUlIuds  hy  Tnbki  XXXVII„ IS*  W  45"  » 

VaiMia  1  yoir,  Hn.,  Mb l_13       Varlaikm  I  ynit,.1(in.,iul>, 0 

Luif.  Jaly  IB,  lan II    Bl   »  sa    I  LstilDdD  July  le,  leap IS   94  U   H 

EXAMPLE   II. 
E«]<>tnd  Uw  iMigltiidii  snd  latltuds  or  ■  Pagiat,  iuly  t,  1839. 

iii.id«I^Ti.blB  XXXVIl IB-W  «"K 

Lcmf.  Juijri,  isa 11    ai    OS    ID    I  LitlliideJuly  I.IKB IS   31   45  N 

The  latitudes  and  longitudes,  thus  obtained,  are  the 
lai^uired,  tlie  corrections  Ibr  the  equation  of  the  e 
Table  XLI.  must  be  applied. 

TABLE  XXXVIII.  Rtducdon  of  Latitude  laid  Horiionlrd  Parallia.—Thit  table  con- 
tains Ihe  corractions  to  be  subtracted  from  the  latitude  of  the  place  of  observation,  and  from 
the  horiiouial  parallax  of  the  moon,  given  in  the  Nautical  Almanac,  in  calculating  eclipses 
of  the  sun  or  occultations.  Thus,  if  the  latitude  of  the  place  was  40^,  and  the  moon's 
boriiontal  parallax  57',  the  correction  of  latitude  would  be  nearly  —II'  18",  and  that  of 
parallax  —4" .7,  so  that  the  reduced  latitude  would  be  3!P  48'  4^",  and  the  reduced  parallai 
d6  S.'V'.a.  'Hiese  values  ore  to  be  uwd  in  occultations ;  but  in  ecli--^  of  the  sun,  this 
puallsx  U  to  be  further  decreased  by  8" .6  for  the  sun's  parallax.  When  the  latitude  is  not 
,  given  exactly  in  the  table,  the  two  nearest  numbers  must  be  found,  and  a  proportional  pari  , 
of  their  difference  is  to  be  applied  to  one  of  the  nun.^rs,  as  usual.  In  calculating  this 
table,  the  ellipticity  of  the  earth  was  supposed  equal  lo  ^Jg-,  aa  in  the  third  edition  of 
La  Lande's  Astronomy,  and  in  Vince's  Astronomy.  This  value  differs  but  litlld  from 
gil--B  and  jij-ot,  deduced  by  La  Place  from  two  lunar  equations  in  the  third  volume  of 
hi*  immortal  work,  La  Miomi^  Cilitte,     In   tbe  second   volume  of  tbe  same  work,  he 

f  oendului. 
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UTlh  or  hi*  rquatiuni  A"  become*  -j^Si  vluch  dot*  not  differ  verj  much  from  (he  rtbtu 
u*uini'J  in  lliia  lalite. 

TABLl::  XXXIX.  JAimfum  a/(Ae /■/aiufi  — Thi*  table  conuiiu  the  ibemlion  »r  tha 
planeU,  Ci  Ik  a|i)ilii)d  lo  Iha  tnu  longitude  or  latitude,  with  the  tawu  mign  u  in  Uit:  Ubie. 
The  urgument  at  the  aide  li  the  elongation  of  the  pluiet  from  the  lun  ;  that  ii,  the  diSentP^a 
of  their  geocentric  lougitude),  or  iu  supplement  lo  SiX^.  Thui,  on  Jul;  19,  HSU,  the  lonn- 
loHe  oT  the  sun  wu  3*.  2^°  W,  the  no.  loaf,  of  Veniu  4a.  13^  23',  theii  differeDce  lb°  45' 
ii  the  elnnntioD  or  diitsnne  from  the  inferior  cooinnclion,  ooireipandinf  to  which  ii  the 
ibemttirin  ^  3"  (a  be  applied  lo  the  true  long^itude  gnen  b;  the  lablea  to  oblain  the  oppiKnt 
longitude.  The  tberntiou  of  Mercury  ia  j[iTen  at  ita  greateil,  leaat  oiid  mean  diaUiaoea 
from  the  aan.  At  the  inlermediale  pUcea,  a  proportional  put  of  the  differeooea  of  thu 
It  tabular  numbera  muat  be  applied. 


TABLES    XL.   and    XLJ.     EqualioKof  llu  Eqaiwaa  and  Abiirratim  in   LomgitKiU.- 
""  ""'    "'  ''  *  ■'  in  Icingituda  common  to  all  the  h»B»enli 

I'aiacendinB;  node)  the  aignaof  longitudi 
iring  found  at  Uie  top  or  bottom,  and  the  degreea  al  the  aide,  the  ooireaponding  number 


Table  XL.  conioina  (he  equation  of  the  equinoiea  in  Icmgituda  common  to  all  the  beaTenlr 
*"  '  The  ar^ment  u  the  lonj^itude  of  the  moon'aiacendinB;  node)  the  aigna  of  longitude 


.    .    U  aifn  ia  the  equation  of  the  equinoiea  in  longitude. 

Table  XLI.  conlaina  the  aberration  of  the  atara  in  longitude  and  latitude,  to  be  coIcO' 
Inted  by  the  rulea  al  the  bottom  of  the  lablea ;  the  aigna  of  the  argument  being  found  al 
till'  lop,  and  the  degn-ea  at  Ihe  aide,*  taking  proportional^parta  for  minulea.  The  currectioiM 
of  lnn)>itiidi'  found  in  these  lablei  are  lo  he  applied,  with  their  aigna,  lo  the  mean  lougitudc 
foundin  Table  XXXVU.,  and  Ihe  correction  of  latitude,  Table  XLI.,  ia  to  be  applied  ti.  Uf 
inrnn  taUtude  deduced  from  Table  XXX  VU.  Thua,  on  July  IG,  1830,  by  Ihe  eiaiuple*  at 
"leboltoin  of  TabtPi  XL.  XLI.,  Ihe  equation  of  the  equinoxea  was  — 5"  .3,  and  Ihe  aberrr' -- 


dedui-.ed  from  Table  XXXVIL,  11a.  BFT' 33",  give*  iu  apparent  loiwilude  11a.  ai'^  7' 3«>". 
In  a  aiinilat  manner  the  abertBlion  in  latitude,  — &".G,  found  at  the  bottom  of  Table  XLI., 
applied  In  the  mean  latitude,  1<I°  94'  45"  N.,  deduced  from  Table  XXXVII.,  girea  the  ap- 
parent latitude  of  the  atar  19°  W  XI"  N. 

TADLKS  XLU.  XLIU.  Jlbtrratim  mU  J^iMim  iu  JtiglU  Jl 
Table  XLII.  conluna  the  aberration,  and  Table  XLIII.  the  nuUlion  in  right  aacenuon  aod 
declination,  to  be  found  by  the  rulei  at  the  bottom  of  Ihe  lablta,  and  applied,  with  their 
ligna,  to  the  mean  v&luea  deduced  from  Table  Vlll.  Thna,by  Table  Vtll.tlia  right  aacea- 
aion  of  a  Pegaoi,  July  16,  l»30,  woe  iSh.  54Ira.  90a,,  and  ita  declination  U"  IWti.  Tba 
aberration  of  right  aeoenaion  iu  tinte  waa  nearly  -f  Oa.S,  in  declination  — l}",Ui  tlie  nutk 
tion  in  right  aacendnn  in  time  — Oi.l,  in  declination  ■+■  l)".5,  aa  appeara  by  the  exainplea  al 
thi'  bottom  of  the  lablea.  Theae  correcliona  being  applied  to  the  mean  vaWa,  give  Ihn 
apparent  righl  aacenaion  SSh.  Mm.  Sla.,  and  tiie  apparent  declination  14°  W  N.  The  eaua 
tion  of  the  obliquity  of  the  ecliptic  may  be  calculated  by  the  rule  at  the  bottom  of  the  t^le 
Tliua,on  July  16,  1830,  the  equation  waa~»".l,  which,  apphed  to  the  mean  obliqnity  iSO 
27'  4a".0,jp»ea  the  apparent  obliquity  23"  27'  :ia".9. 

TABLE  XLIV.  JugnnnUatiaa  af  HlMooh'm  Stmi-iliaiiuttT.—'TliiM  table  ia  divided  inW 
four  parli,  and  ia  useful  in  finding  the  augmentation  of  the  moon'a  aemi-diamcter  by  mean* 
of  the  altitude  and  longitude  Df^tha  nonagesimal  when  the  moon'a  altitude  ia  unknown 
The  precepla  for  Chia  caTculation  are  given  al  the  bottom  of  the  table,  and  for  further  illna- 
tiaUon  another  example  ia  added,  in  which  it  ii  required  to  find  the  augmentation  al  the 

It  of  the  oceultation  calculated  in  Problem  VII.  o*'  the  Appendix,  wlien  the 

;  latitude   I"  KJ"  II"  a.,  I 

fh>m  the  nonagesimal  51^  3H'  S6",  aa°in  Example  111.  Prob.  V.  Appendix  In  Jtia  case  the 
argumenta  of  Part  1.  are  Sl°  17'  33"  +  51"  Sff  3fi",or  nearly  4s.  ljr>  Sti'  and  Oa  3»°  av,  and 
the  corresponding  correcliona -(- 6".00,  +  4".05,   whose  anm  is  10".05.     This  in  Part  H. 

firea-f  0".I0.  In  Part  III.,  with  the  moon'a  true  latitude,  1°  fiSf  11"  9.,  and  her  par.  in  laU 
ly  21" .6,  the  correction  is  — 0".10.  The  sum  of  theoe  three  parts  is  +  10" .05,  which  being 
found  al  the  aide  of  Part  IV  and  the  moon's  horliontal  S.  D.  Iff  WS  at  the  lop,  gives  the 
cor m ponding  correction -)- 0". 40.     Thia  connected   wilh  tlie  three  former  parta  4- I'^'-^^i 

fiv<-B  the  sought  augmentation  tO".4o,  or  10" .4  aa  in  the  example  Prob.  VII.  Appendix 
1  riiay  he  observed  ihnl  the  calculation  hy  Problem  IV.  will  sometimes  produce  the  supple- 
iiienl  of  the  altitude  of  the  nonagi'irimal ;  bnt  this  requires  no  alteration  in  the  rule,  aince  Ihe 
result  ia  the  aame  whether  the  altiLude  or  ita  supplement  is  used. 

TABLE  XLV.  E^uatim  of  Secand  DtfernusJ.- This  loble  oontains  the  equation  of 
Ihe  si^ond  diiierenoes  of  Ihe  moon's  motion,  or  the  oorreclion  lo  be  made  on  account  of  bei 
unequal  velocity  between  Ihe  time*  marked  in  the  Nautical  Almanac.  The  manner  of  ap- 
'   '    r  IhiB  correction  is  taught  in  Problems  I.  II.  III.  of  the  Appendix. 

BLF.   XLVI.     Forio/M  of  Iht  jiltituiU  of  an  Otntrt,  arising  frmu  ■  Chingt  of  100 
Sc^oniU  in  Iht  Dei;^nalk«  — This  Uble  ia  uaeAiI  in  finding  the  lautude  by  double  altitudes    ' 
of  the  sun,  or  any>other  obieol.     It  is  eiptained  in  the  precepta  for  such  calculations,  page* 
l!^l,  IM,  Ii)l ,  6lc.    The  table  is  to  be  entered  at  the  top  with  the  latitude  of  the  place,  and 

•  Tha  attrr*'  in  -Jii>  ancl  ihi>  ftrilnolnr  uMn  are  in  he  rhiind  Is  ilM  tnlitBiii  martMl  n  m  thr  ome  h-it 
lanul  lint  w.iii  iIk  i-i(iit,    Tliiii  If  lIm  iifni  are  ai  Iks  lap  of  >«■  tabta,  lb*  deireoa  laiui  ka  ri>uiid  .a  Ua 


'a  3  D.  by  the  NauUcal  Almanac  was  16'  18" .9,  her  true  latitude  I"  KT  II"  S.,  paralli 
n  lat   10' ra".G,  altitude  of  the  nonageaimal  81"  17'39",  and  the  moon's  apjiaient  dialam 


plying  IhiB 
TA^LE 
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■I  tke  (tdw  with  tbe  deolinttion  and  tititude  of  the  body  ;  Ihe  contipanding  niunbeT  )■  thb 
Tuulion  of  theiltilude,  LnM-conda,  for  r  change  of  1{X>"  to  the  decIinBtion. 


inuiun  uj  LiH?  ■lutuoe,  in  HxanuB,  lor  n  cnniiDe  ui  imr'  m  iiie  uircjijmuufi. 

TABLES  XLVil  XLVIIl.  art  und  in  JindtHg  Ihe  firit,  Stamd  and  Third  CoTrtUimu 
'«  Imprmed  Metkud  of  jBorking  u  Lunar  Obatrtalim. — The  lint  of  UifW  tabic*  nive* 
■nd  second  correctioni.  The  firit  corrrctiun  i*  dwaji  Uken  out  willi  Ihe  dej^rees 
ana  iDiniiUi  oiaihtid  al  the  top  of  the  table.  The  aecond  correction  is  slao  taleu  at  Uie  tc^ 
•rben  tne  a|jpu«nt  dialaiice  eiceeda  90",  but  at  the  bottom  when  the  apparent  diitaace  la 
lev  than  no. 

TABLES  XLIX.  L.  or*  uttd  in  fituUng  tht  Comctitm  for  ParaUax  tn  Lyon'*  Imprmtd 
MelAod  of  leorHng  a  Lunar  OAisrwtiaR.— The  fint  of  theM  table*  girei  the  correction,  aup- 
poaioK  the  puallai  lo  be  3&".  It  ia  to  be  entered  at  tlie  lop  with  Uw  appaient  diatonce,  and 
It  the  aide  with  the  allitudei  of  the  object ;  the  correaponding  number  la  the  correction  fbi 
tlie  horiioBlal  parallax,  35".  Thia  ia  to  be  found  in  Ihe  aide  column  of  Table  L.,  and  the 
horizontal  parallax  al  the  tiw ;  Ihe  correaponding  number  ia  the  actual  parallu  in  altilude, 
which  ia  to  be  applied,  with  the  aame  aiirr.  aa  in  Table  XLIX.,  to  the  apparent  diatanee. 
Thua,irthe  app.  diat.  —  CO",  •'*  all.  =>2j-,  p'a  alt.  =  45°,  the  correctioa  in  Table  XUX. 
•  — 20"  1  and  if  the  planel'a  horiiontal  parallax  be  15",  the  correapondipg  correctioa  in 
Table  L.  will  be  —  V";  to  be  applied  aa  a  iliird  coirectioo  to  the  aRiannt  diatanee. 

TABLE  LI.    To  ebanfe  mean  aolar  time  into  aiderml  tinw. 

TABLE  LII.     To  change  iiderel  time  into  mean  anlar  time. 

TABLE  LllL  Givea  the  variation  of  the  compaai  nrj  nearlj  u  in  the  chart  of 
P,  Barlow. 

TABLE  LIV.  Tailt  of  LaHtudeM  and  LengittuUt.—Thia  table  (ai  obaerred  in  tlie 
Prafbee)  baa  been  completely  teviaed  for  Ihia  edition,  and  the  latitudea  and  lonf[iludea  of  a 
treat  number  of  pjacea  are  added  lo  thoae  gireo  in  some  of  the  former  editiona  of  thia  work 

TABLE  LV.  Tide  Table—The  explanation  &nd  uaea  of  thia  lable  are  given  in  Che  bodj 
of  the  work,  in  treating  of  the  manner  of  computing  Ihe  times  of  the  tide,  page  lUl,  drc. 

TABLE  LVL  Eitracta  from  Ihe  Nautical  Almanac  of  the  number*  uaed  in  the  vxun 
pteiof  lunar  ohaervalinna   &a. 

TABLE  LVII.  ahowa,  nearij,  the  errar  in  Longitude  in  milea  and  tentha  of  a  mile, 
.i«eaaioiicd  by  an  orror  or  one  mile  in  the  Latitude. 

Thua,  wlien  the  aun'a  altitude  ia  30°,  the  UCitude  30°,  and  tha  Polar  diatanee  100°,  th* 
arroi  ia  d  lentha  of  a  mile. 

The  emrt-  aA>eia  the  Loajptade  a*  Ibllawi : 


D.,r.,i.db,G00glc 


APPENDIX, 


>  Tery  iccimle  niKTinet,  \>y  obiemiic  Qtf 

I  or  ■  Hied  n*i  by  the  mooa,  or  the  (Uffer 
rrncr  neiweca  uie  iimes  mai.  toe  mooD  uia  n  mown  filed  atiir  pan  the  meridian.  Then 
ulmTTiitions,  vhen  made  on  land  with  i  S""^  teleacope  &nd  welj-regulaled  liroe-keepn' 
Turniili  bj  Tar  thi^  moft  accurate  method  of  determining  the  longitude,  imd  when  made  on 
board  a  ship  without  a  teleKope,  will  in  geneml  give  it,  with  a  greater  degree  of  aceuracv  Ihau 
any  other  method.  For  thia  reason  we  have  inserted,  in  tliis  Appendix,  the  tuual  rale*  of 
calculating;  luch  ob«r*alionB,  by  means  of  the  Nautical  Almanac.  The  Gnl  thing  to  bt 
Inkeu  notice  of,  it  the  method  of  determining  the  longitude,  latitude,  &c.  of  the  inoon  oi 
uther  object,  having  regard  to  (he  anequtl  velocity  between  the  timei  for  which  iben 
nuantiliea  are  given  in  the  Nautical  Altuamic.  Thia  calculatioD  ii  rendered  much  mots 
timple  by  m&king  ate  of  the  ligni  -)-  and  ^,  and  pertbnoing  addition  and  inblraction  at  In 
Ibe  inlioductory  rules  of  algebra  ;  and  aa  it  is  ponible  that  these  rules  may  not  be  fiuniliu 
to  same  resders  o^  (hi*  work,  we  hive  given  an  eipluution,  aa  lar  as  will  be  necgssaty,  in 
the  pieaent  problems. 
Quantities  tmtlunit  a  nn.  or  with  the  (ign  -|-  prefixed,  are  calletf  posiint  or  i\Si  imli'ca, 
1  the  sign  —  is  prefixed,  are  called  itegiUiv*,  sa  —  7.  MJi' 
It  $ign,  tJuU  i),  all  tffirvuUve  or  all  lugativt,  it  ptrformtd  tf 
uiuung  iiicm  aa  m  commim  aruAvielU,  and  prtfixing  fAs  onniiicn  tign.  Thtu  tbe  sum  of -|-4 
and +3  is -1-7.  The  num  of  — 4,—  3,  and  —5,  is  — IS.  IfktnUtt  ^luuUilui  kavt  lutUu 
m«M  sign,  tkt  potitive  fuantitiet  mutt  be  added  inU  tmt  turn,  and  tht  negaHve  into  attotker 
a*  dJroee  ;  tht  dif  trout  of  thete  tieo  mnu,  loitk  tht  ligit  of  theereatrr  nrm  mpxtd,  idU  W 
tf  t  sum  of  lAe  propoitd  mantitut.  Thus  the  sum  of  +  14,  —  TT +  5,  and  — 2,  i*  found  bi 
•dding  .)- 14,  +  5,  whose  sum  is -{- 19  1  and  then —7  and —U,  whose  sum  is— 9;  tbe  di£ 
/ercnce  of  19  and  9  is  10,  to  which  moat,  be  prefiied  the  sign  of  the  greater  narober,  lU, 
wbich  is  -f->  ■*>  tl>U  tlx  eonght  sum  is  4- 10.    The  following  eiamplei  will  illustnte  tlmk 

AM  —  ¥W       Add  +  1       A4d  +  »  <■■ 


14-1-4       A<M  -f-  4>  IV 

i?       -^-* ' 


Suttraetion  it  ptrfarmed  h  eliaiigvif  lie  tigit  oftMt  laimber  le  bt  t^raeUdfrot»  -+-  to  , 
or  from  —  f o  -f-  i  oiut  (Aex  tudino  Qt*  numtert  bu  lit  prteedatg  nit.  Thus  to  subtract  4-  3 
from  -)-  7,  the  tign  of  -f  3  must  be  changed,  ana  the  numbers  —  3  and  +  7  added  logethei' 
as  in  algebra,  which,  by  the  preceding  rule,  gives  -f-4  ;  and  if  it  were  required  to  rv^  tract 
—  3  from  7,  the  sign  oT  —  3  must  be  changed,  and  -|- 3,  4- 7  added  together;  the  nun -f  10 
represents  the  sooghl  difference.  It  i*  not  usual  to  make  an  actual  change  of  the  sign  in 
any  proposed  question,  it  being  sufficient  to  suppon  tbe  number  to  be  subtracted  to  have  a 
dinerent  sign  from  that  prefixed  to  it,  and  to  perform  the  op^'^tion  accordingly.  To  illDe* 
trale  this,  the  following  examples  are  aidded  : — 


+  4'll)'       Fron.  +  *l(.r      F™ni-*10«      rroni-*10«      Froni  +  l 

+  a  s      Bub.  -a  a      Bi.b.  -g   s      Sub.  .f-a  s      s.ib.  -i 

Pms-l 

S.k.  +1 

+a  s      ata.  +  tus      ii.B.-a  s      bob.-sis      Rsa.  +  a 

Ftoiii       108          From  — IW         Pma      108          Frnm  —  108   - 
Sub.        E01          Bub.   —  aol          Bub.   —  «I1          Bub.        »l 

KaB.      0 
Fmn  — 901 

RSB.        • 

PROBLEM  I. 

'o  fnd  iht  hmf^udt,  tatitadt,  Xfc.  qf  Iht  moon  at  any  mat  hnu  at  Grtenmeh,  ham^ 

record  to  tht  miequal  vefonty  MiBttn  tht  Uma  marftd  m  Oit  ^autUal  Almond ;  tf* 


TO  nsu  TU£  LONGITUDE   &c.  OF  THE  MOON,  &c.  453 

RU(,E 

T«kc  from  the  Naatieal  Almuiao  the  two  longitudes,  I&titudei,  Ax.  next  pteneding  tha 

pven  time  &t  Greenwich,  and  the  two  immediately  following  it,  and  act  them  down  in  ane- 

cesaion  below  each  other,  prefiiing  the  ligo  -f-  to  the  louthern  Utitudea  oi  dectiaaliona,  and 

the  wgn  —  to  the  northern.     Sublnct  each  of  the«  quantiUeB  from  the  following  for  tly 

u,  and  coll  the  middle  term  arc     A  ;  lubltact  each  fiiat  difference  from  the  fal- 

be  tecoiut  differenra,  and  take  the  half  aum  or  mean  of  them,  which  call  tha 

e  the  aigni  of  the  ijuantitiea  aa  in  algebra. 

'   -  ■'       ■     n  time  and  the  aecond  time  taken  from  the  Nautical 

CDDBtont  lagaritlim 


aic    B,  notine  the  aigi 

Find  the  i^fieience  between  the  riven  time  and  the  aacood  time  taken 
Almanac,  which  call  T-,  then  to  its  TogarithDiadd  the  log.  of  A  and  the  ei 
6.3>AXi  ;  the  lum,  rejeetiug  10  in  the  index,  will  be  the  logarithm  of  the  propartiaruU  jtatt' 
lo   whicb   fie&x   the  aign  of  the  arc     A;   otnerring  to  eipren  all  Uieae  q ' —  '~ 

Eater  Table  XLV.  with  theare  Battbetopondtlie  time  T  at  tha  aide 
will  be  the  correction  of  second  difierencei,  to  vrhicb  prefix  \ditai 
arc  B,  and  place  it  under  the  proportional  part  found  above,  and  the  aecond  quantity  taken 
from  the  Nautical  Almanac,  and  connect  theae  three  quantitiea  together  aa  in  addition  in 
algebra :  the  aum  wilt  be  the  aoiight  longitude,  latimde,  Sui. ;  the  latitude  or  declination 
lieing  nnitA,  if  it  haa  the  aign  -f ;  north,  ifit  baa  the  lign  — . 


Reooired  the  longitndea  and  latitadea  of  the  moon,  December  13, 1806,  at  \Sti.  4Sm.  S!>i. 


Beqairei 
d  I7h.  Ii 


Slon_j  N  A 


Ipiea,  calculated  i 

a.    I      m  diir. 


Lt  Ginenwioh,  which  correapond  U 


7    BIB  -|-a«M  _M9l 

'  "    "I    B  =  +  4M.5    I    +05118    I       -•»»'    |bk-9WU 


IHUEBSION. 
=  137Ml....Luc.  4.11701 


tkJt=  m9^....Lof.  3.gl«« 

36    Senail  loBtHiida. 

3I.B  TaUa  XI. V;  B  =  «  iV^ 


BSh.lB.aBi^ISI»>a... 


le  = 

36.0=10636 


,Un.  <.n3467 
3S.9  Tiljla  \tv.  B.  =  V  M  A 


-f-a     6     TT     Serond  laliiiidii. 
4-  1S.<T»UIbXLV.  B.= 


iMKIt 

.'.hoi.  3Win 
..Lm.  awwa 


nmadsiuaiirmProbleiii  VII. 


EXAMPLE  II. 
equired  the  longitadea  and  latitudea  of  the  moon,  June  16, 1806,  at  Sh.  49m.  .SOa.!,  and 
Sh.  34m.  Ga.C,  app.  time,  aatronomical  account  al  Greenwich,  which  correapond  nearlj  to  Iho 
be^iniung  and  end  of  the  total  eclipae  of  the  aim  aa  obaerred  at  Salem. 


I  B^lonj.  N.  A 

3     14  48  S 
9    ffi    B  1' 


7  17  91  J.l~  "n'li  iS  +»  S3  j.« 

790A3  x!     —  A4-404fll  T 

T^^\     B  =  ts^    I    $0*T«l        +40M    I     B=+3I 


■■|8  rAighi  prnpiifiinnal 


Iw  round  hy  [WDponlnB,  I9  myiBt,  Aa  IE 
part{  and  Lhn  ntfliliiid  1i  th«  ilioneat 
"«  prn|»nUnHl  iiaitwIH  br  ),  ).  nr  f  d[ 


nlf.    Thlimeiho* 


lannrnrThr  m'nuUa  nC  IbPtlinrVimr  I>f  uk«n  in  nii.lina  The  cirrfiion  i<f  thin  tnU«,iivltri>'iwi-«Marv.  la 
!hl«mie.  inn  iif  rho  cnmvUniiof  lhrl(inldlrlVFrnrei»iwi(rrlrd  Thii  )Mrl  neiwr  «iw«t  1  .i^rfllMiUW 
'lUr.rrn.  c.  104  nn,\f  aairwau  >u  a  •nrll  fiacivn  tUm  Huiad.  TIT 
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BEGINNING  AT  9b. 
....  9i.  W  »  19'  I  8- 
....  +     1    43   59.8      A 


W  46*    Prop.  put.... 
31     TubtiXLV... 


,.  —  0  94    3M 


iscmd  Innglludfl 

AT-SOifw"    Pr..p.[«.il.. 


END  AT  Nl  34ai.  ei.B=3T. 

..b.«>    Wig"    I   SecmdluJliKlBN. —  (T  Sf  1> 

..  +     3   B4    39.3      A  401  46"    Prop.  nul. ~ +■      U  OS.! 

,.  _                aSG      B  =  31'   Tilda  XLV —  U 


t'lli 


)   «!■< 


The  proportianil'  porta  of  Ihv  arc  A  wpk  ealenlaled  io  thu  exampla  bj  uilhinetic  witb> 
OM  logBrithnu.  By  obaervaljoiu  at  the  eclipie  on  Ihit  daj,  it  wia  fband  th«t  tbr  nraon'i 
longituilc  waa  too  sreot  by  53" .5,  and  her  ntilade  too  grctl  bj  1)".4.  Tbna  oorractioBi 
are  applied  Io  the  above  longitudea  and  laliludn,  in  DalcMaling  the  eclipse  in  Problem  VI. 

Remark  I.  It  will  not  be  aeceiury  lii  ttkf  notice  of  the  aeoond  diSereitCe*  in  calcnlati^ 
the  puaJlai  or  aemi-diameter  of  the  moon,  or  any  of  the  aolai  atenieDta  inefnl  in  calcuhtinf 
an  eclipse  or  occultation.  Id  Ihia  case,  the  quiintiljea  inniediately  pieoeding-  and  foUowiu 
the  proposed  time  at  Greenwich,  imisl  be  token  from  the  Nautical  Almanac  ;  and  their  diA 
Itrence  will  be  the  arc  A ;  aJio  the  difibience  between  the  piopoaed  time  .and  that  talteo 
Gnl  from  the  Niuticol  Almonoc  ia  to  be  colled  the  lime  T.  Then,  by  proportion,  aa  (be 
mtervil  between  the  tiinea  taken  from  the  Nautioal  Almanac  »  to  the  time  T,  so  is  the 
arc  A  to  the  correction  to  be  appiied  to  the  firat  quontity  taken  from  the  Nautical  Almanac; 
additive  if  increasing,  (ubtnctive  if  decreasing,  Thia  correction  may  also  be  Ibutid  by 
logorillimi  aa  above,  uiinv  the  conitant  loeorithma  6.36462  if  the  inlerriij  of  the  times  In  the 
Nautical  Almanac  ia  13  houri,  and  5.06319  if  the  interval  is  S4  boura.  The  pmportioBal 
part  of  t)je  moon's  parollsi  and  ■enii-diaineter  may  olao  he  fouud  by  Table  XI.,  and  that  irf" 
the  aolar  elemenU  by  Tobies  XXX.  XXXI.,  aa  taught  in  the  explanation  of  these  tables; 
these  coiculntions  beine  aometimei  much  facilitated  in  the  new  form  of  the  Nautical  Alma 
nac,  by  means  of  the  tiorary  motions,  which  are  glTen  far  aevermi  of  the  elements.  To 
ciTmplify  tbia,  the  re>t  of  the  quantities  requisite  in  caleulatinr  the  eebpse  and  oocnttatioD 
(Problem  VI.  Vll.)  are  here  found. 


EXABIFLG  HI. 


IMS. 


Osc.  19.  ■> 

Dm.  l3,iiniB 

[HAnnre  A 

PTa.prmTs3li.4Bin. 
ConHinmil  i  hi  valux 

Cotnapiiailiiif  vaJuaa- 


JI8.D. 

B  H.P. 
SB"   48" 

to     8 

to 

16  lii 

10   59.3 

K  mi 

X   MA 

|KinT=l 

Pro 

M.48m.9Bi. 

Pro 

n.nT  = 

^rrriii: 

EXAMPLE  IV. 


IB,midnl|M 

Pra.  |jsn  TmOb'iam'.ioi^. 

Cwmiaiwllni  nlim 

P».  puiTsSh.  34m.Ga< 


BB.D. 

11 


t'M 


i>.HinT=3b.i»m.Slm.. 

»IF.p.«lrt1ll|VllU«... 

o.  inrlT^.  34ni.l)a.l 


laa»*9*'  4" 
I    Bl   W  19 


+      8    4S.4  ±     m  A 

+   13   »£        +    sj  .a 
St   47   35.S  I  s    ^     a  * 


The  semi-diametera  thus  found  must  be  decreased  3"  for  inSeii< 


rertioT.  Table  XLIV.  in  calculating  on  eclipse 
lucing  the  longitude  from  obaervotioni  by  Prol 


>r  occnltotion  by  Probleni  XII].,  or  in 
I  bv  Problems  VI.  VII.  VIII.  or  IX.     Wa  l»T. 
^,  thol  some  aatronomen  neslect  the  correction  of  S"  tor  infleiioi 


.meter  by  the  Nauticar  Almanac,  Jnne  13,  1...  ..  ._   ._, 

June  in,  IdOG,  was  15'  46".!),     Hence,  ot  the  oboTe  time,  it  waa  VV  46" .1.    Thia,  in  rcUpaes 
of  the  iun,  muat  be  decreased  3^"  for  irrodiotion. 

RcTwirk  !.  The  obnve  rule  for  eolculating  the  second  diSeiences  of  the  Inaar  motions 
where  the  intervals  in  the  Nautical  Almonoc  ore  IS  hours,  may  be  mode  ose  of  when  the 
intervals  ore  any  number  of  days,  as  is  the  case  with  the  elements  of  the  motions  of  Ihe 
[Janets,  by  taking  two  lonsitudes,  latitudes,  ike.  before,  and  two  af^r,  the  given  time  a' 
Greenwich,  and  thence  deducing  the  area  A.  B,  and  the  1  on eitudes,  latitudes,  &c.,  ana 
then  making  use,  instead  of  T,  aV  the  ipintunt  of  the  difference  between  the  given  time  and 
that  marki'aln  the  Nautical  Almanac  ani nit  the  second  longilode,  Sea.  divided  by  the  num- 
ber of  half  davs  in  the  given  iiUenia/.  Thus,  if  the  interval  IS  1  day,  tho  divisor  IS  2;  iftha 
interval  is  4  daj's,  the  ^ivisor  ia  S  ;  and  if  the  interval  is  5  dnva,  the  divisor  ia  ID.  In  like 
manner,  ifthe  interval  is  3  hours,  we  must  multiply  by  4  ;  if  the  interval  is  1  hour,  we  mnsl 
muliijily  by  IS,  or,  more  nmply.  rfiDirfc  the  mitBitetana,  stamds  •ffUnu  by  5,  and  consider  the 
resulting;  nuotlpnl,  or  value  or  T,  aa  kmirt  atul  miniitts  respectively.  To  illustnle  tluB.  «s 
4iall  give  the  following  viamplei: — 
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EXAMPLE   V. 
Aeqnired  the  righLuceuBioD  of  Veniu,  IIS3G,  Augual,  33d.  16h.  Mm.  meui  I 
sal  accojnt,  at  Greenwich. 
TImh    I  Bl(kl  A>kb.  I      I«  dUr.       I    M  dlff.    ■  BBmnd  rlrhl  ursnilcnt 


I   B  =  «I.I3    TtMe  XLV —  .S3 

'^  =  \    ^-^A  flira      V»ui-i  rl|til  uceiulu 7l>.  Wm.  lihM 

B^s.ia  i 


1   le.ai 


A=    out?    IViJortJoBW  put.., 
—  131  I 


Id  this  exunple,  Ihe  intcrrsl*  Id  the  Naulioal  Almantc  being  I  J*r<  we  niiut  divide  the 
liiiw,  ltih.40ai.,  bj3,togetT  — 8h  !»m. 

EXAMPLE  VI. 

Kequired  the  declinatioD  of  Mu*,  1836,  June,  14d.  I3h.  30m,,  mean  time,  utronomiciJ 
■iccount,  >t  Gieenwich. 

TlmM.    J  Decllnuluiw.  I      la  d  iff.       1    M  dllT.    .  ^rand  dccliiMtian ls-77'M".eN 

15       Is    «    ^0     *  =  !3    S'l  -»'      M«r.'.d«l.nUlon IS"  »  a»^7  N 

le    I  15    M    «.*  I  13    lo-'t  Ib=— B.li  I 

In  this  aiuB[de,  u  in  the  lut,  we  divide  the  Umr,  I3h.  30m,  bj  2,  to  get  Ts6h.4f>m. 

EXAMPLE  Vll. 
Required  the  logarithm  of  the  disluice  of  Jupiter  Trom  the  earth,  1830,  Jniie,3d.ESi.,iDean 
time,  aitronomicalaccoUDt,  at  Greenwich. 

Loji^Din.    I       In  dilT.       |    9d  dllT.    | 

^         i  iihk  XLV..'  

0>«saTB7     1  ""^      |B„_i3j  [  Log.  dHuuiuJuplWaad  Eaitt O-TelBW 

In  thi*  example,  we  alao  divide  the  time,  Uh.,  bji  !t,  to  gel  T  >i=  4h. 

EXAMPLE  VnL 
Beqvired  the  moon'*  declination,  183G,  JaDaBi7,  I6d.  9b.  45nt.  60a.,  mean  time,  aitro- 
■omiMl  aeconnt,  at  Greenwich. 

Time*.    |D«l<iittloD  8.1      M  dilT.      ,     Bd  dtff.     ,  9«:ai>d  dacliniUlon OB"  »  l»-At 

d.   h.     ■       '       "                    ■                     ■    I  .<=     36*.n   rruij.imnTab.XXX.                M  .3 
laB.lt    8     W    Se    S8.3  „,  iBzi-ia".!   TaMr,  XLV 1_^1 

10  I         W    Oa*        *™jt"o  _ la. [  I  Hoon'i  d«ciiBition 9F  <KI  SP.aK 

11  I         »    39J  I  *^^     Bs  — U.I  I 

In  thia  example,  the  lime,  45m.  fiOB.,  divided  by  &,  and  clianging  mauittt  into  luuri.  &e 
^vea  Ts^Oh.  lUm.,  which  i<  lued  In  entering  Table  XLV.  with  B=^— IS".l,  to  find  the 
urreapondin^  correction,  I'M.  We  mav,  however,  remark,  that  tin  second  differences  nrthe 
'ight  a»cen«on«  and  declinations  of  the  moon   inny  genenlly  be   neglecti-d  aa   inKnsible, 

4>ffprencea  aie  quite  siiiall.  The  same  is  to  be  observed  relative  to  the  sun's  Jongitude,  right 
wcenaion,  the  equation  of  time,  &c.  The  second  difference  of  the  lun'i  decimation  may 
nmelimes  be  3"  or  4",  but  ia,  in  genera],  insensible.  Tlie  second  diSenrnces  of  thi'  1o^. 
ladiua  vector  must  be  lalien,  if  we  wish  to  obtain  the  logarithm  correct  in  the  seventh  deci- 
nol  place.  We  can  alwaya  judge  oT  the  neceaeilv  of  uaini;  the  second  diSerencea,  by  oboei 
"-rtV-"- "■ '—■--  -^ ..-_....._  . .  ._  .   ..      ™..... 


Ing  that  the  grealesl  error  from  neglecting  them  altogeDier  is  eoual  to  |  B.     Tlius, 

laat  example,  the  greatest  error  from  neglecting  tlic  consideration  df  tlie  second  dilTerEDcei 

•  1  B  :c  }  X  12"  1  —  1"-B- 

PROBLEM  II. 

ToRnd  Ikt  horary  moftim  qf  tht  moon  in  lonftlvde,  litHtude,  tft.  at  any  gioea  time  al 
QrtauBKk ;  inppoting  Oa  inlavaU  0/  tte  lout  tn  the  .Vauticot  Mmanae  to  be  12 

RULE. 

1'ahe  from  Ihe  Nautical  Almanac  the  fbnr  longitudes,  latitude*,  ftc.,  two  immediately 
jRceding  the  given  time  at  Giwnwich,  and  two  inimediatplv  following.  Pr^  lit  sign  -f- 
«  Iht  iDMtern  laiituda  or  ialinatiaiu,  lad  lit  ngu  —  to  the  nordtem.  Then  find  the  fiiM 
and  second  diSerencea,  the  arc  B,  and  the  time  T,  as  in  Problem  1.  The  mean  of  the  two 
int  diSerencee,  noticing  the  signs  a*  in  aigebra,  wili  be  the  ajrprmdmalt  motion  in  IS  hnum. 

To  the  proportional  logarithm  nf  one  fourth  part  of  the  lime  T,  add  the  proportiona. 
logarithro  of  the  arc  B:  the  sum  will  be  the  proportional  logarithm  of  the  ciiriection  of  ''-- 
appriximate  motion,  to  be  applied  la  it  with  Iht  tavu  tign  a*  the  are     9,  and  the 


4rjC       TU  riND  THE   HORAaY  MOTIONS  Or  tME  SIJW,  MOO«.  a«. 

motion  of  the  moon  in  IQ  houn  will  be  ofauined,*  which,  beiii([  diTided  b*  la^wiU  gift  tbr 
liarory  molioD.  ^ 

EXAMPLE  r. 

Keqoind  the  hnnry  motioni  of  the  moon  in  lonptude,  De<s.  IS,  ISR8,  at  inb.  48nl.  SSm^ 
and  I7h.  Im.  SSIi.,  appuvnl  lime,  ■!  Greenwich. 

'lliiH  cormpnndi  to  Example  1.,  preceding,  in  which  T  ii  3h.  4t 
The  two ><■«  rfifereMW  in  longitude  ire  7"  fil  16",  .Qd  7"  11'  Id"; 
th<:  ipproximalo  motion  in  12  houn,  tnilhe  tie    B  i>  4'  b4"5.    Tl 


Prop.  Lm.  ajiiaa 


Aim.lm.Ua.   TsSk.  Ii 


ml  hour 3}    M.a 


In  a  ^miloT  manner,  if  the  horai;  motion  in  latitude  wi*  required  at  19d.  17h.  33ni.,  the 
fKofirU  digtratrtM  in  Ulilude  are  — 34' 21",  and  — :tC  45"  ;  their  tneon,  —  jn*  33",  if  the 
approiiinalt!  motion  in  Vi  faoura.  The  correction  found  by  lite  aboTe  rule- with  the  lima 
T,  3h.  ;t3m.,  and  the  aro  B  ^  —  3'  &'.5,  ia  —  5.9",  whence  Uie  true  motion  in  19  hour*  it 
—  W  33",  which,  divided  by  12,  givei  the  horary  motion  —  3'  2".?.  The  negative  aign  — 
indicales  that  the  north  polnr  diituice  is  decreiuing,  the  positive  ii^n  ~f-  that  it  ii  increaainf 
In  tlie  present  example,  tlie  north  polar  diatonce  was  decreuing,  and  as  the  latitude  w& 
Houth,  it  was  alac  decreasing,  an  ia  evidenL 

EXAMPLE  K. 
Requited  the  honry  motions  of  the  moon   in  longitude,  June  1f1, 1806,  at  &.  49m,  50b.1 


ind  Tih.  34m.  (ia.U,  appsivnt  time,  bf  aatronoinical  coinpubiljon,  at  G 
This  coitvspondi  to  Example  1 1.  preceding,  in  which  T  is  Sli. 
ii.ti;  the  two  firrt  diflerenoes  are  7°  W  81",  and  7"  BO'  .Ml",  the  mi 


Aiipina.  mnti™ r_ 

MMtimlB  19hoiin..7 
HMIualBlliour.... 

.SCH.l 
V   7" 
49   97 

3e  3» 

l^boun 

Pmp.Ln» 
Fmp.  Lo| 
Pr.*.Lnf 

The 

.9 

CnTKlfon  +    I      97    Proii.  Luf-^WO 


REMARKS. 

I.  When  it  is  required  to  find  the  motion  of  liie  moon  in  lonntude  or  latitude,  lot  any 
ghvn  inutval  of  lime,  the  motion  in  I!  hnun  mual  be  found  for  the  middle  of  thai  inli-rval 

3.  la  calculating  an  occultalion  of  a  itor  ity  the  iiioim,  the  relative  horary  motion  in  longi- 
tude is  the  mnie  aa  the  horary  motion  of  the  moon,  because  Uie  star  i>  at  rest  \  but  in  cnlcu- 
laling  a  solar  eclipse,  the  sun's  horary  motion  must  be  found  from  thr  NauticaJ  Almanae 
in  the  manner  mentioned  below, and  lubtracted  from  tlie  moon's  horary  motion  in  longitude: 
tbf  remainder  will  be  Ihe  horary  miitian  i<J  the  ■moon  from  Ike  on  in  longitude.  Thus,  oo 
the  ICtli  oT  June,  lUIX!,  the  aun's  horary  motion  was  a*  £)".!,  wliich,  being  subtracted  fVon. 
the  horary  mobons  found  in  Example  IT.,  36*  3!l".a,  and  3C'  42" .6,  leaves  Oie  eorreapondiiu 
horary  motions  of  the  moon  from  the  sun  in  longitude  34' t(i".1,  and  34'  19" .7. 

Ai  Ihe  aun  hai  no  sensible  motion  in  latitude,  the  relative  horary  UKilion  of  Ihe  moon  ftora 
the  sun  in  latitude,  ia  the  same  aa  tlie  true  horary  motion  oTtlie  moon  in  latitude. 

aciiinta.sisi'eiluiailntaiKl  ktilHr  Drdsn  of  iliin-reBrM  an  BKirtN'ixl ;  hinihi  humrjr  moltca  dsdiired  Uien 
froin  In  alHimlaiiUr  (uniient  Dv  Uh>  imrpgar  uT  |Hii]entig  on  w  Ii|ih  uoHfiilution.  Wbssjpvataraccsrarr 
Is  miHlnd,  ihs  ihtid  dilAtmiiHi  ibb)' ha  UUni  iaio  aernrnt  inths  firilnwlni  BianDrr:— llavinilbiinil  ike 

...J.- .— _  ^._.__.  _... .._  . TL. iHsenaiil,  iin«ln«i|»eBl«n«aB  In  alaibia. 

IT    at  Ibe  iu|i,  aM  ib*  tlm  'J'  as  wr  •  ds, 

-  ..„ _  ..  __ _.«llir  MwnixtlitHrtof  thf  BR    t.wilhiul 

.  ., .....     _.  ....  ,..JuiiixihiiiR<Bnd  isUiliB  pnHiad  a*)|fl  ■IfJIirtBC/raiaUsiq/' Ufw  1,  and  ihM 

<■  Ik  Iw  aiipliert  U>  IhF  an-  M,  with  iu  ulioi,  to  nMaia  lbs  imr  airit '«  Id  19  brain.  Thiis,  la  iba  aknte 
i<N|>1e,Ihe>auji<IJtf»r«.a.nri'>naliid>arr+G'0"-|-4'n'.  Buhtm.'l  mlhi-ninBer  thmllM  iaim.lvana 
-  ibird  diflkranra  iirarr  ^=  —  ^V,  Cotrniamd  n|  U>  this  and  tin  tiiiw'rah.  48in  Ws.  in  Table  XI.V.. 
I"  1,  which,  inireanad  hyoBC  sliin  iir  t sVJt,  (i*es  Uw  niiiihl  nwnrtlnnl'.la*'  Iu  whirb  ninil  be 
'AimI  tbr  iini  +  Ibrraiisa  ihr  f'fn  nf  t  la  nifativs), aiabiiii  li  +*'.  Tbla, coantriHl  irhh  U«  alt 
=  -|-7-  lO'aa'.j  vet  ihf  inic  innii„n  in  I9hinini,  ?■  F»- 91",  whrnrv  ihe  himrr  sisilm  tsTS'Ni'.  Ib  b 
II  tar  manner,  iTlhe  tlitnl  •!  rn'M-iii-n  were  nutii-eil  fn  Ihe  aliii»f  riaihiile  ftw  flndiHji  Ihe  hiiraijr  in<aii<B  IB 
.i.ide,llu.  Iw..  Mcnif  ili^micu -91  M"  aiK)  -  I' 4«>,  ir--  <«.■  »  = -t- ^,  the  nureclloB  of  ths  HiMiiia  ta 
l.iiiin— SVIN"  li  —  IOOi  nubiB(il  — W4W>,  gra'9'.S|wrb<iuf. 
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3.  The  hanij  motjoni  of  the  gun  in  loniritude  were  formerlj  ffiveD  in  page  iii  sf  *ha 
Nnuticol  AlrQoiiac  ;  bul  Uiey  oie  dincontinucd  in  iU  new  fbrm,  10  Inal  wa  mnA  nuw  iipduai 
the  horsTT  motioa  Irom  the  daily  diUtreuoe  oflonptude,  by  dividing  it  bT  iU. 

EXAMPLE  nt. 
Tba*,  ir  it  were  required  to  flad  tlie  nin'i  horary  motion  in  longitode,  in  the  mterral  be- 
tween July  1  and' July  U,  lt)3G,  mean  time,  aatronnmicil  account,  at  Greenwich;  we   ihauid 
have  tlie  longitude  at  noon,  July  1,  Qt)"^  35' 0:V' .0 ;  July  3,  ]00<'32'  13".7.    Their  diflbrence 
ia  ^T  10" .7 ;  dividing  il  by  34,  we  get  the  lun*!  honuy  motion  in  longitude  2'  3S'  .9. 

The  nme  method  may  be  used  in  finding  the  horary  motiong  of  Uie  pUnetJ,  neglecting 
the  second  diderencea;  out  if  we  urish  to  notice  the  aecond  diSerencea,  we  mty  proceed  ai 
in  the  three  preceding  czaniplea,  making  use  of  the  uci  A,  B,  T,  found  u  in  Retaark  ii. 
Problem  I. 

EXAMPLE  IV. 

in  right  aacention,  1836,  Augurt  23d.  ]6h.  40m., 


^-CO,  wbkfa  npreaanti  11»  tunrr  motion  of  Ve- 
liDf  Id  Au|un  93d.  IGta.  Wn. 

a  in  right  tueentum  or  dtdination  it  /oaaul,  bv  itup«etUM,  (a 
E,  laking  Utt  diferenea  of  tk»  two  niceunog  numbrrt  m  tht  JinOeal 
atmamac.  Ml  otu  ogort,  lie  oiktr  after,  tlu  limefor  vMck  tiu  komry  nuitum  it  tmaaed. 

EXAMPLE  V. 
Required  the  horary  motion  of  the  moon  in  right  aacemiion  and  declination,  between  tiM 
houra  of  10  and  II,  on  the  4th  of  August,  It^G,  mean  lime,  ailronomical  account,  at 
Oreeuwich. 

1836,  Auiutttd.  lOh.     ll«n*i  riibt  aKinikn    3lLff7in.aDi.lB  DeclliiuioB    IT  W  4VI.9H. 

t      II  3      Oft      1ft  .£7  IS    03   30  .4 

ThediflknncHanttaaboniyirotiuL.     loB.A.         Im,  S9i.43       Id  derllDUIon  IV  t6'.9 

j>  tbe  middle  of  the  tima  between  lOh.  tmi 

PROBLEM   III. 

To  _find  tilt  lutM  qf  the  ecKptCc  amjunclion  or  oppotUion  of  Oie  moon  wUk  Ihe  fun,  a 

plttiut,  or  a  fixed  liar. 

The  time  of  the  ecliptic  conjnnctinn  of  the  aun  and  moon  ia  the  same  aa  the  time  of  new 
moon  given  for  the  meridian  or  Greenwich  in  pace  xii,  of  the  month  of  the  Nautical  Alma 
nac.  Thui,  in  January,  1636,  the  ecliptic  conjunction  ii  on  the  17th  day,  at  SOh.  STmJ 
mean  time,  at  Greenwich.  The  time  of  tlie  ecfiptic  appoaition  of  the  sun  and  moon  ia  1^ 
aame  aa  at  the  time  of  fall  moon  given  in  the  same  page  of  the  Nautical  Almanac.  Thua 
tbe  full  moon  or  ecliptic  oppoaiUon  in  May,  1836,  waa  31^.  3h.  &9m.7,  at  Gri^nwich. 

The  lime  of  the  ecliptic  conjunction  ia  eaaily  computed  from  the  geocentric  longitudea  at 

tbe  ohjecta  ;  and  we  have  here  inaerttd  the  rale,  adnpled  to  tbe  r-'—  '-•- <■  -■--   —  — 

tiou  of  the  auQ  and  moon,  which,  with  a  alight  roodineation,  win 
fixed  ator. 

RULE. 

Take  from  Ihe  Itantical  Almanac  the  two  longitndeaof  the  aun  and  moon  at  the  noon  and 
midnight*  preceding  the  time  of  the  conjunction,  and  tbe  two  immediately  followinir.  Su^ 
tra^l  &e  Iimgitndea  of  the  aun  fruiu  inoae  of  Ihe  moon,  noting  the  aigni  aa  in  algebra ;  the 
remaindera  will  repreaent  the  iiitantii  of  tlie  aun  from  Ibe  moon  on  Sie  ecliptic.  Subtnet 
each  of  theae  from  the  followine  to  obtain  the  firit  dijfereiuet,  and  call  the  middle  term  the 
arch  A  ;  aubtract  each  of  these  difference!  fhim  the  fotlowin'g  for  the  laond  diffttaaet,  and 
lake  their  halfsum  or  mean  for  the  irc     B,  noting  the  aigns  aa  in  algebra 

To  the  constant  logarithm  4.tinri48,  add  the  arithmetical  compUtiienL  of  the  log.  of  the 
trc4  A  in  aeconda,  and  the  log.  of  the  aecond  of  Ihe  abave-ronnd  diataneea  in  aecond*  ;  the 

•Tka  soa'a  hafluda  at  nldBiflii  a  ikt  aiaaa  nf  Ite  hwfliudH  ua  ihtpncailBfrnmiCaammtaaam 
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reJFoting  10  in  the  index,  will  be  tbe  loipuithnt  of  the  approxinutta  value  trf*  T  ia 

Mil. 

'itJi  ihii  lim<>  T  a.t  the  tide  of  Ttble  XLV.,  end  the  arc    B  nt  the  top.  find  the  eqnitioa 

id  difTfrenceB,  the  Jnnrithin  of  which,  *dilrd  U>  Ihr  two  Rnl 


ing  T,  will,  in  ivjecUng  1(1  in  (he  indei,  giTP  the  logarithm  iirihi-  corrrction  of  the  approii- 
mate  lime  T  in  aecooda,  to  be  applied  to  it   witli  thr  iuhc  11171  "^  '^'  ""    ^'  *"''  ^ 
conjunction  al  Greenwich,  cnunled  from  the  Kcond  noon  or  midnight, 


taken  frnrn  tlie  Nautical  Almanac,  will  be  ubtained.  Piuin  which  the  time  iiT  conjundiom 
under  any  other  meridian  may  be  eaailj  obtained,  b;  adding  lo  it  the  lonjfitude  in  tiaie  when 
euM,  or  subtracting  when  teat, 

Rcniart  1.  WlwD  the  lime  oT  the  ecliptic  conjunction  of  the  moon  and  a  pluiel  ii  re- 
quired, the  longitudes  of  the  planet  must  be  found  by  Problem  I.  fur  tbe  noon  and  midnight 
immediately  preceding,  and  those  immediatelv  following  the  time  of  the  cnnjuncliuD,  and 
tlieae  nte  to  be  used  in  tbe  above  note  instead  of  the  sun'i  longitudei.  If  the  eclijitic  con- 
junction of  tlie  moon  with  a  fixed  alar  is  required,  iu  longitude  must  be  found  in  Table 
XXXVII.,  and  corrected  for  the  equation  of^  tbe  equiuoies  and  sberratiim  bj  Tables  XL. 
XLl.,  aa  shown  in  the  explanation  of  those  labies.  This  lonptode  ii  to  be  used  inatcwl 
of  the  sun's,  in  the  shove  rule.  The  longitude  and  latitude  or  tlie  situ  may  also  be  corn- 
puled  more  accurately,  from  the  right  ascension  and  declination,  given  in  tbe  Nautical 
Almanac,  by  the  method  in  Problem  XIX.  of  this  Appendix,  whenever  the  star  used  ia  one 
of  the  UMI  ■tars,  whoae  plaoea  are.eiveD  for  every  10  days  in  the  Nautical  Almanac. 

Semaric  2.    By  llie  aanie  rule,  Uie  time,  when  the  moon  ia  at  an^  distance  from  the  sun, 
May  be  found,  by  incressinf  the  sun's  longitudes  given   in  the  Nautical  Almanac,  by  tbe 
auuitity  the  moon  is  supposed  to  be  distant  from  the  sun,  counted  according  to  tlir  ordiT  of 
signs ;   then  supposing  a  firtimu  tun  to  move  so  as  to  have  these  increased  longiludet 

tbe  correal    -"- '   --^-     ■- --     ■- '-  --  ■' -^  — ^-^-:— -^  .>.. 

rithtl 

Thus, 


responding  times,  and  Rndinu  by  the  above  rule  the  time  of  conju 
h  tiiis^cfuiu  iun,  which  will  he  Oie  sought  time  when  the  moon  is  at 


n  which 

'■  longitudes  increaaed  bf 
I,  Julv  SOd.  lUh.;  3ld.  Oh.;  Sid.  1^.,  and 
*r!drOh.°reapeetively,''aW°  11'  IO".f)'i  aO«-  SC  40" .8;  200°  Otf  27".7,  and  2011"  37'  0G".7. 
The  longitudes  of  the  moon  corresponding  are  800°  Ssf  la".H  ;  907°  03'  K"A;  'Ml^  *Sf 
33" .f  and  •£llf  41'  1.1" .H.  Hence  the  time  oflhe  conjunction  of  the  moon  with  the.^cfimj 
ran  fo"nd  by  the  above  rale,  was  July  Sid.  3h.  5m.  at  Greenwich,  which  ii  the  time  of  the 
Am  quarter  fequired.  In  a  similar  manner,  by  increasing  the  longitudes  of  a  planet  o  ■ 
•tu,  the  time  may  be  iband  when  tbe  moon  is  at  any  proposed  distance  from  it. 

EXAMPLE. 
Required  the  mean  time  of  the  ecliptic  conjuncliDQ  of  the  sun  and  moon  in  Janiiary,  1830 
IB3e,  Jas.    I         t  loni.  @loii(.        1        DiManrsH.        I       IM  diObrenre.      I     9d  dinmir*. 

■  Til.    Ota.  384    41    SS.I— SM    W    U.5  —I]    47    36.4  .    ,.    —a 

17     IS  sua  or  .is.fl-aaii  m  *].«       _  4  51  si.b       ,^^\  g  JJ;*  -a  las 

IB    la      I    3ua  sa  isj— ase  w  3SJ    |         s  51  «>.t    |  b  so  mi    |    b«— s  44.8 

CcHiiUnl  4.(aM8 
:hiid.   log.  S.IUMT 

Li'ii.  4.ai3« 

=  Bti.  asm.  18a. Log.  4.48W7 


4X.4    Arrih 


Tabic  XLV.  Corr.m.l 1^%.  I.anoo 

OORMloaMs. Lmt  lAnSi 


Conjunction  Bh.  27m  48b.  paat  midnight,  on  January  17d.  SOh.  S7m.  4Ai.,  mean  lime  al 
Greenwich ;  being  the  same  as  in  (he  Nautical  Almanac.  Tlie  time  of  conjunction  under 
any  other  meridian,  as  for  example,  30"  W.,ii  found  by  subtracting  the  longitude  ah.  from 
20ii.^m.  4Sa.,  which  leaves  I^h.  2Tm.  48s.  If  the  longitude  iiadlieen  JU^  E.,  the  time  of 
Ciniunction  would  have  been  SSh.  -ZJm.  48s. 

tTie  osual  method  of  calculating  the  parallaxet  in  eclipaes  of  the  sun  or  nccnltationi,  ia  that 
b\  using  the  longitude  and  latitude  ofthenmnifuimiJ  or  ninetieth  degree 'if  the  ecliptic  abnre 
the  horiion;  or,  in  other  words,  the  longitude" and  complement  of  tl^  latitude  of  the  wnith, 
relative  to  ihe  ecliptic.  Several  methods  have  been  proposed  for  calculating  the  altitude  and 
longitude  of  this  point,  which  are  required  at  each  of^the  phases.  The  following,  which  is  on 
improvement  I  have  made  on  that  given  in  La  Lande's  Antrnnomy,  seems  well  adapted  to 
th>'  purpose,  since  several  of  tii^  logarithms  are  the  snme  al  Sach  of  the  phases,  wkich  much 
abridges  ine  calculation,  and  on  this  account  it  admita  of  considerable  siinplificatinna,  by  a 
tabli'lihe  Ihnl  on  poge  403.  The  method  of  mailing  tliese  calculations  will  first  be  ^iven  at 
Bill  length,  and  then  in  the  abridgi-d  form,  by  means  of  the  proposed  table.  The  pr-icea  of 
oalculatinv  ihe  parallaxes  with  the  right  ascriiKinns  and  declinations,  insteid  of  the  longi- 
tudes ana  latitudea  of  the  bodies,  aitai.ted  parvcnlarly  to  the  new  form  of  the  Nsnlinal 
Alioanao  will  be  -nvvn  towinb  the  end  of  •bis  Annenuil. 
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PROBLEM  IV. 

GdWH  the  ajtpartfd  titnt  at  Oie  ptact  iff  obttrvalum,  counttdjroiu  noon  to  noon.  ...et^nUng 
la  tie  fiHinnct  <ff  (ufronom«r«,  Iht  jun'«  right  tacmfion,  and  (A«  latUiiU  of  Ikt  ptac* 
raiyuxd  on  account  id  tht  mheroidai  Jigurt  of  the  emih,  by  niblradi  w  the  rtittiction 
f(f  lalilude,  Tahie  XXXVilL;  to  Jiwi  the  aUitiuk  and  longitude  iff  £e  nonagttimal 
atgrte  tjf  llu  tdijiHe, 

RULE  NOT  ARRIDGED. 
Add  6  boon  to  the  mun  of  the  sud'i  right  uteenBioa  Kad  the  afrp^rent  linu  of  tAtenntiimy 
■nd  cdl  tlie  sum  the  lime  T,  rejiseting  94  houn  nlira  it  exceeds  thiit  qoKntitj.  Seek  fnr 
tliis  time  in  the  column  of  houre  of  Table  XXVII..  luppooinff  that  marked  A  M.  to  ba 
increased  by  IS  houra,  U  in  the  aatranoinical  computation.  The  corresponding  log.  co- 
tangent being  found,  is  to  be  mu-ked  in  the  firn  and  second  columni,  u  in  iJie  fbllowing 

If  tbe  reduced  latitude  ia  north,  lubtract  it  from  90"  ;  ii loutk,  add  it  to  90°;  the  sum  or 
ditTerence  will  be  the  pular  diatance.  Take  half  of  Uiii,  and  half  the  obliquity  of  the  ecliptic, 
and  find  Dteir  diffrrence  and  run.  Place  the  log.  cosine  of  the  difference  in  the  first  column 
its  tog.  wue  in  the  srcond  column  \  the  log.  Bccunt  of  the  naa  \a  the  fint  column,  its  log 
itisecsnl  in  the  secund  column,  and  its  log.  tangent  in  the  third. 

The  sum  of  the  logarithms  in  the  first  column,  rejecting  30  in  the  index,  will  be  the  log. 
tangent  of  the  arc  G  ;  the  aum  of  theae  in  the  second  column,  reiecting  20  in  the  index, 
wilFbe  the  log.  Ungenl  of  the  arc  T ;  these  arches  being  feu  thai  "JO"  when  the  time  T  ia 
found  in  the  coluuin  A.  M.,  otherwise  greater .  This  rule  is  general  except  in  places  situated 
within  the  polar  circle*.  Within  the  north  polar  circle,  the  supplement  of  F  to  'M'if-  instead 
of  F,  must  he  taken ;  within  the  toath  fo\u  circle,  the  supplement  of  G  lo  laO^  must  be 
taken  instead  of  G  ;  the  other  terms  remaining  unaJleied.  In  all  cues,  the  longitude  of  the 
..n....~io,.i ;.  ^n„ni  In  il,»  .„...  «r    ih.    .p..^   Y,  G,  thua  found,  and  iKF  ;  rejecting  3C0" 


le  altitude  of  the  nonageBimal. 

EXAMPLE. 
Rpqnired  the  altitude  and  longitude  of  the  nonagerimal  at  Salem,  in  the  reduced  latitude 

WWIV  N.,  June  IS,  l«JO(i,  at  £ih.  Gm.  lUs.l,  apparent  time,  or  !22li.  Gm.  lils.5,  m^an  time, 
bj  latrnnomical  camputalion,  when,  b;  the  Nautical  Almanac,  the  sun's  right  uscenoion  ■m» 
th.  3tim.  50s.,  and  the  obliquity  of  the  ecliptic  21^  97'  4<j". 

The  tv.m  of  tlw  apparent  tmu,  sun's  right  sacenaioD,  and  G  faonis,  rejecting  34  lious,  it 
9h.  4:tm.  8a.l=T.  The  polar  distance  is  47^  37'5li";  its  half  is  23^  4»' 5»",  and  the  half 
obUquity  1 1°  43'  54"  ;  hence  llieir  difieience  it  12"  !/  4",  their  sum  35^^  32'  52".  The  real 
of  the  calculation  is  <a  followa  :— 


eulatiiig  a  partial  eclipae  or  occultBtion,and  four  times  in  ■  total  or  annular  eclipse  or  tranall, 
it  will  IcncI  conaiderabi;  to  abridge  the  calcuintiona,  to  have  a  table  like  the  following,  con- 
taining their  values  For  various  places,  for  the  lAliqiiitj  33°  2T'  40",  with  the  variations  for 
an  increase  oflOO"  in  the  latitude  or  obUquity.  The  logarithms  A,  B,  C,  of  the  table,  were 
calculated  in  the  fallowing  manner  : — 

In  north  latitudes  subtract  the  reduced  latitude  fhnn  90°,  in  londt  latitude!  add  the 
reduced  latitude  to  !H)°,  the  sum  or  difference  will  be  the  polar  distance  :  take  half  of 
thia  and  half  of  the  obliquity  of  the  ecliptic,  IP  43'  50",  and  find  the  mm  and  iiSirem*. 
Then, 

Log.  A  is  egnal  to  the  lo^.  cosine  oT  the  differttux  added  to  the  log.  secant  ot  the  turn, 
rejecting  20  in  the  index. 

Log.  C  ia  equal  to  tlie  log.  tangent  of  the  aum. 

Log.  B  ii  equal  lo  the  log.  tangent  of  the  diffrrenoe,  inoreanng  the  index  by  10,  lest  tlw 

Thus,  for  Salem,  in  the  reduced  latitude  47'  22*  4",  the  half  polar  disUnoe  Is  93°  48'  fi8" 
Hw  half  obliquity  1 1°  43'  50",  the  <£J<rMe<  V^P  &  tj",  the  nm  35°  32'  40". 

Diminiics W    »    m         Cnsliia    B.9A09;  Tai>|[eni-|- lOz  IB.33DCf 

ium ai    3i    48  Bmim  lO.imwg  Tanpinl  =  C  =  9Mva 

•■■A e.inwa  notnaccB....  D.47t>a 
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opention  with  iheae  increued  Tsloe*,  and  ucertaining  the  oocrMponding  chkn|;es  in 
nUuea  of  A,  B,  C.  ThcK  lonrithmB  are  given  to  >il  pUcM  of  finiM,  thfia^h,  in  genenl, 
five  will  bt  qaile  aafficient,  wnce  the  latitude  aai  loogitade  of  tfie  noiugeuiiul  are  niri} 
nquired  to  a  greater  degrM  of  aeeuncj  tbu  10". 
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'e  calculated  for  tlie  obliquity  23°  37'  40".  The  colniniu  inaAed  ZM. 
pprewDt  tiie  Tariationa  of  A,  B,  C,  for  an  increaae  of  100"  in  the  reduced  lat.  The  catama 
OU.  repreacnta  the  *ariatioi»  of  A,  f),  C,  for  an  incieaac  of  100"  in  the  obliquity  of  the 
•cliptio.  The  ligni  muit  be  changed  if  the  latitude  cr  obliquity  i*  leas  than  23"  iR'  40", 
>rhiob  ia  uaed  in  calcnlatinf[  the  table, 

rJC  AMPLE. 
Required  the  Taloea  of  A,  B,  C,  for  Salem,  when  the  obliquity  ia  S3°  37'  46". 

Tahiilu  BiimLon 9.079639 9.47607 e.SHA» 

Viir;iiIion  r<>r  +  8  Dblkiulty +S —98 *   IS 

Sougbl  VBluM A  =  0.079840 B  =  g.4Tra7V C  =  9.eMi« 

Airidgtd  vutkod  of  calculating  Ik*  aUihutt  ltd  langihtda  iff  At  mnagetimal  tf  tkt  freeaSug 


Add  together  the  aun'i  right  aacenrion,  tlte  apparent  time  at  the  place  of  obiipmtloa, 
(counted  from  noon  to  noon),  and  0  houn  :  the  aum,  r^ecting  34  or  48  noun  if  greater  than 
Ihoee  quanliticB,  ii  to  be  called  the  ^me  T  ;  Chii  ia  to  be  aought  for  in  the  column  of  honn 
of  Tabic  XXVIl.,  Buppoaing  the  column  marked  A.  M.  to  be  incieaaed  12  houn,  ■ 


aatronomical  compulation.*  The  correiponding  log.  cotangeut,  added  to  the  log.  A  of  the 
table,  give*  the  log.  tangent  of  the  arc  O  -  Ihii  added  to  the  log.  B  of  the  table,  rejecting  10 
in  the  mdei,  will  be  the  tog.  tangent  of  Che  arc    F;    thoe   ana   being /.eaf  than  INI"  when 


T  ii  found  in  tht 
■itualed  within  the  polar  circle*,  which 
polar  circle,  the  supplcmtrnl  of  F  to  361 
circle,  the  aupplement  of  G  to  180"  ii  ■ 
unaltered.]     Then  the  langitvdt  of  tkt 


[Tbii  rule  ia  general,  except  in  ]ilaci?i 
■  a'caae  that  very  rai«lj  oecuia.  Within  the  aortl 
'  i>  to  be  nied  initead  of  T  ;  within  the  amli  poUr 
I  be  token  initead  of  O;  the  other  termiremaiuiu 

I  equal  to  the  mm  of  the   ans    F,  Q, 


To  the  ti 


rda  that  qaintity. 
Id  the  log.  codne  of  the  arc    G,  and  the  log.  ai 
n  the  ind«i,  will  be  the  log.  langeDt  of  half  t) 


to  th*  alt  tod*  rf  tbe 


Iha  nnth  pntBoTIha  t^i\*\r  tat 
impJiiy  Uh  nilaa  <br  aiiplyiD|  Uir, 


TO  HKD  THE  ALTITUDE,  &e.  OF  THE  KONAGESIMAL. 

EXAMPLE  I. 

iiim&l  at  Silem,  Jane  16, 1806,  ■ 


tiiuea  of  the  brginuinfi  and  ei 

BEOINNIHO  OF  THE  ECUFSE. 


eclipse,  calculated  in  Problem  Vl. 

END  OF  THE  BCUP8M. 

0  M  34.S  ^^ftrtU  llmo 


EXAifPLE  U. 
Remiired  the  altitudes  and  lon^tudei  of  tbe  noaageainul  at  the  time*  ■ 
lioDed  in  the  Example  oT  Problem  VII. 

IUMEB8I0K.  EMERSION. 


Anituds 


.  Bl  17  3S 


T  IS  IB  98....CoUiif.  9.800g« 

C  10.09718 

17  91   19.S  Q  rt|hl  aKeBiUn. 

18  10  98     ii^^Liinc.^^ 

T  17  31  41£    CMuf.   9.94683 

a  49-IW18> Tuii.  10.07370.. 

90                                 ^    9.60780 

■■<*-c,:ss 

T    IB  S7  48 Tan|!.  9.53WW.. 

U»    Ji  SS  =  long.  N.  40  38  48., 

..Becanl  10.09433 
..Tu|.  9.93374 

P  95  38  40 Tui(.    B.68I30.. 

.■3«.nl  10.04804 
..Tang.  H.»81« 

In  three  calculationi,  it  ii  lunai  tki  take  the  inii'i  light  aiceniion,  and  the  ai^wrent  time* 
to  tenths  ofa  aecuDd,  and  to  take  proportional  parts  for  the  aeconds  and  lenlha  in  finding  tho 
togaiithms.  Thui,  in  Eiample  I.,  in  finding  the  log.  cotangent  of  !)h.  43ni.  ba.l,  the  neer- 
eet  loeuithnH  are  t>.480id,  9.48604,  corresjAtDdiag  to  the  times  !lh.  43m.  4b.,  Oh.  4:tm.  13s. 
Then 'ogarithm*  diSer  45,  the  times  8a.)  and  the  difteience  between  9h.  43[n.  4i.,  and  nb. 
.-.-..-..  ....      gubtmcU'd  from  the  fir* 


Me  'lOgarithi 
I.  SiS,  U  4i 


li^.  9  JS849  (becaua 


ecniaaing),  la  obtain  the  sought  log.  cotangent  9.4t 


PROBLEM  V. 


Owen  Ihe  aUitade  and  lotigUude  tjf  tht  nonagetimtd ;  Iht  Umgittide,  Inlitvdr,  and  hor\- 
xonlal  paraUax  of  the  moon,  and  the  laliitide  qJ  U\t  pUtee  of  obxtrvation ;  to  find  Iht 
MM»'«  paraUax  m  laliludt  and  lon^tude. 


RULE  BY  COBfHON  LOOARTTHHS. 


TiTsble  XXXVIIL, 


o  be  dimitiial 


fVom  the  horizontal  parallax  of  the  moon,  anbtnct  its  rarrectic 
eotresponiling  to  the  latitude  of  the  place  j  the  remainder,  in  do 
will  be  the  Tidttad  parallax  ;  but  in  solar  eclipses,  this  qaantity  u 
•an's  horizontal  parallax,  8" .6,"  to  obtain  the  reduttd  parallax. 

To  the  logarithm  of  the  reduced  parallax  in  secondi,  add  the  log.  sine  of  the  alliliide  of 
the  nonagesimal,  and  the  log.  secant  of  the  moon's  tnu  latitude  ;t  the  sum.  rejeclini  SO  in 
the  index,  will  be  a  constant  log.  From  the  moon's  true  longitude,)  incn-aivd  by  3GU"  if 
neoesBarj,  subtract  the  loogitude  of  the  nonageaimali  the  remainder  will  \x  tho  moon'* 
dutanee  from  the  TumageniMU,  which,  if  less  than  180°,  is  to  be  called  llie  arc  U,  olber- 
wiae  its  aupplsment  to  3G0°  is  to  be  called  the  arc  D.  To  the  constiuit  logarithm  add  the 
log.  sine  of  D  -,  the  aam,  lejecting  10  in  the  index,  will  be  the  logarithm  of  the  a^roximat*  • 
parallax  in  longitude  in  seoondi,  which  add  to  the  arc  D )  then  take  the  log.  sine  of  tba 
anm,  and  add  it  to  the  conitant  logaiidun,  rejecting  10  m  the  index,  and  the  logarithm  of 
the  cOTTeetsd  panllai  will  be  obtained.  This  will,  in  general,  be  sutlicientl;  exact;  but  when 
nvat  accuracy  is  required,  the  operation  may  be  again  repealed,  by  adding  tbp  arc 
lAe  corretttd  parallax  ;]  then  to  the  log.  nne  <tf  the  sum  add  the  constant  loearith in  " 
10  in  the  index,  and  the  loguithm  of  the  parallax  in  Uragitude  P  will  be  obtained 


1  by  the 


rejeiilinj 


ftSleX 


ID  ran  9M I 


■■  ponllai ;  bat  It  will 


4G2  "TU  FIND  THE   PARALLAXES  Or  THK  HUOR 

u>  be  ndAri  to  the  trut  longitude  of  the  moon  when  hei  diituice  from  the  t 
leu  than  lcil)~',  oliieTwiie  lablracteil  to  obloin  lier  appuTent  loagitmU. 

iribelrue  latitude  of  the  nuwu  is  (oikA.  preliz  UieBign -4-lo  il ;  if  nordi.  Xhe  tiga—  Them 
Id  the  lo^rilliin  of  the  reduced  panilai  in  seconds,  sdd  the  log.  coune  oi'the  sititude  of  tbe 
nonap^Bimal,  and  the  log.  cosine  of  tlie  moon's  appaient  latitude  ;*  the  sum.  rejecting  90  in 

the  index,  will  be  the  logo  -'         '-■--•.         -    '  ■■-         ....__-_._.:.....■ j.  .. 

which  prefix  the  sign  -f-  * 

tbe  sign  —  ;  this  being  added  to  the  true  latitude  of  the  tn       , 

ligns,  nriil  give  her  approzinvUe  latitude. 

To  tlic  logarithm  of  the  reduced  panlloi  in  seconds,  add  the  log.  line  of  tbe  altitode  of 
the  nanagesimal,  the  log.  aine  of  the  moon's  approximate  latitude,  and  the  lug.  cosine  of 
the  sum  of  the  arcs  D  and  }  F  ;  the  (uni,  rejecting  30  in  the  index,  will  be  tlie  logarithm 
of  the  taoHd  futrl  of  the  parallax  in  latitude  in  aeconda,  to  which  prefix  the  sign  —  m\iem 
the  arcs  D  4-  1  ^i  ■i"'  "^  approximate  polar  distance,!  are  both  greater  or  both  lea*  than 
UO^,  otiiorwise  the  sign  4-  i  ^'<  term,  being  cunnw:ted  with  the  approximate  latitude,  will 
giie  the  apparent  htitaiU  of  tbe  moon,{  which  will  be  aoulh  if +,  north  if—.  The  moiiii'i 
(me  latitude  subtracted  from  her  afparetU  latitude,  noticing  the  signs,  will  give  the  parallax 
In  latiluda. 

BY  PROPORTIONAL  LOGARITHMS. 

The  above  rule  will  answer  in  calculating  by  proportional  loniithou,  with  the  fbUowmg 


When  the  log.  liiu  occurs,  read  log.  conecanl ;  far  log.  coiine,  read  Vag.  ■ 

,  —  J  i._  — __^  j-^^  ^og.  cotecfinli  read  Jog.  sine.     The  parallaxes  n...^    .. 

by  proportional   logarithms.     When  greater  accuraej'  •■ 


for  log.  sranU,  read  log.  cosine ;  and  fiir  log.  amaini,  read  log.  sine.     The  parallaxes  may  tw 

caloulated   to  the  nearest -"  "- ■"  — -'   ' '"- —      ""- - 

rcquired,  common  logon thi 

To  illustrate  this  rule,  the  following  examples,  corresponding  to  the  times  of  the  be^nolng 
and  end  of  the  total  eclipse  of  the  sun.of  JunelU,  IB(N),ssobserved  ai  Salem.are  given.  Tbs 
eteincnta  necessary  for  this  purpose  lisve  already  been  calculated  in  Problems  1.  and  IV 
For  grfBter  accuracy,  the  longitudes  and  latitudes  of  the  moon  are  corrected  for  the  ema 
—  5a" .6  in  longitude,  and  —  II".4  in  IstiluJe,  which  were  found  by  comparing  ktsihI 
observations  of  Uie  eclipse  made  at  diffeient  places. 

EXAMPLE  L 

yai";  ti 

__    .    _      .  -    ,      laisya    

latitude  of  the  place  of  observation  42^  33'  30" ;  required  the   parallaxes  in  longitude  wild 
latitude. 

~  ""'  '  B  latitude  42"  SS*  30",  and  panllu 

8,  subtracted  from  the  moon's  faori- 
■onlol  parallai,60' a4".l,  leave*  the  rwfurai  parallax  6(y  9"  .7=360*' .7.  Tbe  longitude  of  tha 
nonBgesimal,63''Sii'3l",subtnoledfhim  the  moon'*  longitude,  B3°  4!)' 3",  leaves  the  ■uwn'a 
ditlaMtjTinKtluiuijuigttim^,^ff'^  Sa-',  equal  to  the  am    D,  becauM  it  is  less  than  IdO  ' 

CALCINATION  BY  COMMON  LOGARITHMS. 
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red  panllii 
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TO  FIND  THE   PARALLAXES  OF  THE  HOOR. 
EXAMPLE  II. 


the  l*[.itiitteorUieplaceorobiervytiun4^33'30"i  ivquinHl  the  pualluei  in  loiii[itii<>e  lod 
■atilui  e. 

The  cortection  in  Table  XXXVIU.,  i 
Ul  av  27",  ti  5".6 1  lUa.  and  Ihe  lUn'i 
boriinnul  paralhi,  <iO' ;»"  0,  le^nt  the  rtductd  ponllu  '60  lB".li.    The  lonffitade  of  tba 


of  which  lo  36(N  ii  r  57'  3",  equal  to  Uw  uch  U. 


BY  PEOrORTCONAL  LOOAKITHMS. 


nomrtHl  paninu         10    0 

tu.  luni.  P  IS  00 

>'itriiel.«|l(iida  Bi  3B  3a  .6 
>>i>app.  1iui(IIUdii  89  IB  39. S 


I  put  pu.  liL         +  Itt  3S  .5 
p  ■■  tni«  lUltuda     —  la  10 .4 

S "«  «piinii.  lu.       +   *  flB  .1 


I»i.S        Pmp.  Lo|.  0 

M  Secant       IC 

3S  .5        Prop.  L(if._0 


AppVBBI  lu. 


Cow-mi 'io!m 

a   3         8«™it     10-00 

4  39  J     or     «  aa>.5  8. 


deduced  piirmllu 


PC.  panllu 
till. 

51 

37 

58 

Corrw 

eriiwgllu 

46 

» 

D  +  cor.  puMIU 

Bl 

38 

M 

I-P 

loniilud. 

+ 

■oe 

4S 

Ijanpv.  lu.     -t-  S'S'J  Prop.  Log.  I.S9M 

)>•■  ini< lit.       +  1  as  llJt 

>'i«pproi.  b«t.  +a  4   H  J  CoHcut  11.4491 

Rediiced  panllu  Prop.  Luf.  l).4T(n 

^^BoijBjw.  SI  15  u  8«c»nl       loiaiBi 

fi  put  pu.  JH.     -t-  I  9D  .3  Prop,  hot-  a'3W 

J'lapproi.  lu.  +  a  4  14  3 

Jiispp.  lu.         +  3  5  34  .a  South. 

SI  pw.  lUttlld*  +  10  93 .6 


EHERaiQN. 
RHiiced  puUlu  O-SS  A      Pnp.  lof.  0.4780 

»>ilriialullu(ia       I  U  « .1       CdoIim        BioSBS 


Conr^lti  pamllEi 


+  33  S4  Pnp.  Lof.     7BSI 

nb  SI  36  .1 


»■■  iipp.  loai.       901  9S  30  .1 


0.4180 

BhuI       10.«U 

Ci  Kpproi.  luHvdo  Becul      lOJNXfi 

Ipvtpv.  lu.     +       1S'S4'.9      Pnip.Loi.  1.0SM 
D'luualu.         +    1  il  90  .1 
9>isp|iiui.]u.  -t-  »    T  K3       Coaeuol  11.4313 
Reducad  panllu  Pc^.  Lof,  0,4*^ 

D-(-)P  »  3R  3S  8«ul       loioMB 

9  put  pat.  tu.     +         1  44  .9       Prop.  Lof .  SJIM 
>>ia{ip)Di.lU.  +  9     T  MJ 
t'aappw.U.     +  3     g     T  J  Boutt. 
B'ipuallulu.  4-       17  38.4 


•TIh  mion'a  (nia  ludida,  rss  11",  inuilflrM  In  dhI,  iu  lof.  •Koml  belBi  10.0009,  wblrh  alra  ika  1« 
Jjn  panLu  9  V  ,  wbio  i  iidded  lo  Iha  trun  luliiida  of  llK  main,  (Ivn  iIm  »pp™iiinUB  luiiud>  namlf 
r  *■  14 ',  Iha  loc.  uciu      whkli  I*  10.0003,  ■•  ibon.    Tba  ralculuioo  lot  Itaa  aDunlDa  In  mada  in  ■  ilnllii 


461       TU  fl.XU  THE  LUNQt'lUDF  BY  AN  ECLIPSE  OF  IHE  BUN. 

Havinn:  thiw  ripltmed  Ihp  method  of  caiculiting  Ibe  ptnUlBm  oi  the  rooon,  it  now  n- 
■uiinii  tr>  uiiK  (lie  rulri  for  finding  the  lon|[ilude  Cy  eclipK*  uid  ucculutiona.  The  luain 
objer.t  in  tlHiie  c&lrulatiana  ii  to  delermine.  TroDi  the  oiMerrcd  beginning  or  end  oriheeclipw 
M  ur.culluti'in,  Uh-  precine  time  nf  the  ecliptic  eon'unctiun  of  iJie  aim,  or  itiu  and  iiionn,  tree 
i'ruiu  liie  cllrcti  ol*  pur&llax,  countad  on  the  maiitliiD  of  the  place  of  obaerralion,  aiuce  ilw 
Jifterence  of  Ibe  time*  of  coniuDction,  obtainrd  in  thii  raoDDer  at  two  placea,  will  be  theii 
dilfrreiice  of  longitude.  If  toe  lunu*  uid  wliir  table*  were  perfecttj'  correct,  the  lon|[ituiie 
might  Im  delermintHl  bv  taking  the  diSeience  between  the  tinie  of  conjunction  siven  id  the 
Nautical  Almanac,  and  thai  deduced  from  the  obaeivaliona  of  the  edipae  or  occuTlation  ;  but 
'*  '~ ~'~        ^  accurate  to  compare  the  tiu:»  deduced  from  obaervaliona  acluaily  made  at 


the  places  I'or  whicli  Uie  difference  of  lonsititJe  is  lottfiit.    There  are  two  differrat  ir 
Llinff  the  ecliptic  conjunction,  according  ^  '••'■•'-  ■• 

kleiy  known  or  not.     If  ttae  latitude  wai  giTen  c  ^     ^  .... 

[uralely  known  by  other  obaervationa,  the  ecRplic  conjuncUoD,  and  the  longitude  uf  the 


ufliiiding 

accurately  known  or  not.'  If  ttae  latitude  wai  given  correctly  by  the  luna 
accurately  known  by  other  obaervationa,  the  ecRplic  conjuncUoD,  and  the  . 
place,  might  be  dett'rmined  by  each  of  tlie  phuea  of  the  eolipee  or  occullation,  by  the  metliod 
given  in Trobtema  VIII.  and  IX.  But  the  moon'a  laUtude  not  being  generally  given  to  a 
auHicient  degree  of  accuracy,  it  ia  uaua)  to  combine  together  (he  obaenationa  of  the  begin- 
ning and  end  of  the  erlipae  or  nccultstion,  or  the  beginning  and  end  of  total  darkoesa  in  ■ 
(oul  eclipse,  or  the  two  internal  coiilacta  of  an  annular  ecliuae,  to  ucertain  the  error  of  the 
moon'a  latitude,  by  the  method  given  in  Problema  VI.  and  VIl.  In  making  the  calculatiooa 
ii  thviie  Hroblema.  it  will  be  necuaiary  to  know  nearly  the  longitude  nf  the  place,  in  order 
k>  find  the  auppooed  time  at  Oieenwich,  ao  >■  to  take  out  the  elements  from  the  Nautical 
AliiiBoac  ;  and  if  the  longitude  deduced  from  the  obiervation  atiould  differ  couaidenhly,  the 
flieratioD  muat  be  repealed  with  the  longitude  obtained  by  thia  operation. 

PROBLEM  VL 

Gilwn  the  latiludt  of  the  place,  aiullhe  apparent  timttafiht  begvanxng  and  end  of  a  tolar 

eetipse,  counted  Jrom  noon  to  noon,  according  to  Hit  method  iff  atlrmun»tn,  to  find  the 

longitude  <^  the  place  of  obtenation. 

In  the  rule  for  aolving  thia  problem,  reference*  will  be  made  to  figure  IS,  PlaleXIV,  id 
which  Di^E  repreaenU  a  amall  arc  of  the  ecliutic ;  8,  the  place  of  the  centre  of  the  auc 
auppoicd  at  rest ;  F,  L,  the  apparent  placea  of  the  centre  of  the  moon  at  the  beginning  and 
end  oftheeclipeereapi'ctively;  FD,  8C,  and  AEL,nre  perpendicular  to  UE ;  FA  paralh-l 
to  DE,  and  SB  perpendicular  to  FL.  Then  it  ia  evident  that  FD,  L£,  repreaent  the  apparent 
[atitiidea  of  the  moon,  which  fall  below  DE  if  KmUl,  ahure  if  twrlA  ;  and  SF,  SL,  repreaent 
the  auma  of  the  corrected  aemi  diametera  of  the  aun  end  moon,  at  the  beginning  and  ead  of 
tbe  eclipae  reapectively . 

RULE.» 

To  the  apparent  timra  of  the  beginning  and  end  of  the  eclipae,  add  theeatimaied  longitude 
of  the  place  in  time  if  it  ia  wttt,  but  aubtract  if  ««( ,'  the  buiii  or  dilference  will  be  tlie  aup- 
pnaed  time  at  Greenwich,  oorreaponding  to  which,  in  the  Nautical  Almanac,  find,  by  Prob- 
lem 1.,  the  moon's  aemi -diameter,  horiionlal  parallax,  longitude  and  tatitude,t  and  the  aUD'a 
ae mi-diameter,  longitude,  and  right  aacenaion  ;  aJao  the  inooo'a  horary  motion  from  the  ann, 
by  Problem  II.  Decreaae  the  aun'a  aemi-diameler  3^"  for  irradiation,  and  the  remainder 
will  be  hii  coTT€fled  aemi-diameler.  Decreaae  the  moon'a  aemi-diameter  2"  for  inflexion,  if 
It  be  thought  neceaaary,  and  to  the  remainder  add  the  correction  in  Table  XLIV.;t  the  aum 

'"  '  e  the  mocn'<  corractcif  aemi-diameler.    Find  also,  in  tlK  Nautical  Almanac,  the  ob- 


liquity of  the  ecliptic. 

With  thi^ae  alementa,  and 


the  apparent  time  at  the  place  of  obaerration,  calculate  the  alii 

>ngitudea  of  the  nonageaimal,  by  Problem  IV. ;  the  panllaiea  in  longitude  and 

nt  longitudei  ar-' '-■■■■'--    ■—  "     "     " 


latitude,  and  the  moon'a  apparent  longitudei  and  latiludea,  by  Problen 

Take  the  difference  between  the  apparent  longitudea  nf  the  moon  at  the  beginning  and 


end  of  the  eclipae,  and  aubtract  theretroin  the     .     . 

time ;  the  remainder  will  be  the  relative  motion  in  longitude  UE  or  FA.  i  ue  iriatiTe  uihudd 
in  latitude  A L  ia  found  by  taking  the  difference  nf  the  moon'a  apparent  lati'ildea  al  the 
beginning  and  end  of  the  eclipse,  if  they  are  both  north,  or  both  anuth,  but  their  aum,  if  one 
be  north,  the  other  aouth.  From  the  logarithm  FA,  increaaing  tha  index  by  10,  aubtract  the 
logarithm  of  AL  ;  the  remainder  will  be  the  tog.  tangent  of  the  angle  of  indinatioH  D8B ; 
thik  angle  i*  to  be  Uken  frealer  than  90°,  when  the  moon'a  appareni  latitude  FD,  at  tfaa 
^ginning  of  tbe  eclipae,  la  grtutn  thaD  at  the  end  EL,  otherwiae  leaa.J     Then  to  the  log. 

*  Thia  nila  ii  pKHliartf  idajKnl  lo  ths  lur  or  llie  Innf  iladM  ana  lailliiilqi  of  tfce  Iwdiei.    Wf  ihall  ton- 

adaicSu  IM  r<ilta  lo  th*  new  fonn  oT  tbg  Nautical  Almanac.  Tka  man  \%  in  In  timtmi*  nbuin  Ui  th>  M 
lowini  PmMeiM,  VII.  Vlil.,  fcc. 

t  CnmiIrilfbrlhr«fonarilietabln1ii]aB)iltiiileanill«lltuile,  wbsnknnwn. 


reeqiAl,  but  of  dillWvBt  nainaa.  fltr  ■D|ii 
VBB  II m*.  BtrictlvqMikinK,  when  Oh 
grtaOr  or  Idtf  Ibaa  9r,  accnriliiki  aa  the 
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eoKCBUt  of  the  iDgle  of  iDclinttioD.  add  the  lonriUini  of  the  KlatiTc  motion  in  Ungitnd* 
FAj  Iht!  lum,  rEjectinjc  10  in  Uie  iniJei,  will  he  ihe  lo|[anlhin  uf  ihe  spnu«Dt  uwtioD  of  (be 
moon  FL  on  her  rr  litivf  orbit.  Then,  in  the  triangle  SFL,  the  lidei  SF,  SL,  represent  the 
■Unw  of  the  eoirtcted  senij-dianieteia  of  the  sun  and  moon  at  the  beeioninK  uid  end  of  tixi 
eclipw.  uid  these,  with  the  rehtiTe  mnlion  FL,  are  given  to  find  the  angre  FSB  (br  Cmm: 
VI  OM.  Tiia.)  Thiu,  to  the  log.  arith.  comp.  of  FL,  add  the  logarithm  of  the  sum  of  SF 
■ad  SL,  and  the  logarithr..  of  t^ir  dilfereoce  ;  the  turn,  rejecting  10  in  the  index,  will  be 
llie  logarithm  of  the  iliffeience  of  the  segment*  FB,  BL, ;  hair  of  which,  being  added  to  and 
■ubtrocted  from  half  of  FL,  will  give  the  tiro  aegmenla  FB,  BL  ;  the  g;reater  ■egiiienl  being 
oontiguotu  to  the  gresCer  aide,  whether  SF  or  8L.  Then,  from  the  loguithinoTthe  aegiiient 
FB,  mcreiaing  the  index  by  10,  lublract  the  lOKarithin  n[  SF ;  the  remainder  will  be  the  log. 
•iue  of  the  angle  FSB,'  wliich  u  always  less  than  UO"  ;  the  diflereuce  between  thii  and  Uie 
angle  of  inclination  DSB  will  be  the  centnd  anglt  USF. 

To  the  jog.  coaine  of  the  coUral  angle,  add  the  lo^ritbm  of  the  aumof  the  corrected  semi- 
diameters  at  the  beginning  of  the  eclipse  SF,  rejecting  10  in  the  index ;  the  sum  will  be  llie 
togarilliin  af  SD,  the  apiiarenl  difieience  of  longitude  of  the  aun  and  moon  al  that  time. 
Tnis  is  to  be  aubtncled  trom  the  longitude  of  t&e  sun  at  the  beginning  of  the  eclipse,  if  tite 
oentral  angle  is  bss  tlian  UO",  but  added  if  greater  Ihsn  UO" ;  the  sum  or  difiWience  will  be  the 
moon  B  Kpporent  longitude  :  to  this  must  be  added  the  moon's  parsilax  in  longitude,  when 
hei  distance  from  the  nonsgesimal  (found  aa  in  Hrcbtem  V.,  by  sublncting  uie  longitude 
of  the  nonagesimal  from  the  moon'a  luigilude,  borrowing  3G0°  when  necesaary)  is  grrstitr 
than  ICJO'' ;  otherwise  the  parallax  must  be  tuhttiutcd  ;  the  sum  or  difference  will  oe  tire 
moon's  true  Imyilude  at  the  beginning  of  tlie  ecli)»e. 

TwliK  the  dillerence  in  seconds   between  the  sun's  and  moon's  (nu  longttndea  at  the  b^ 

E'nning  oftlie  eclipse,  to  the  logarithm  ui' which  add  the  arith.  comp.  logoriUim  of  tlie  moon's 
iniy  motiun  from  the  sun  t  in  secondi,  and  the  conalanl  logaiitlim  3.&5GaO  ;  the  aiim,  rr 
jecling  10  in  the  index,  will  be  the  logaritlim  of  the  time  from  the  QDnjunation  in  seeonds, 
whieh  is  (o  be  added  to  the  observed  appsivnt  time  of  the  beginning  of  the  eclipse,  when  the 
sun's  longitude  at  that  time  is  greater  than  (he  ruoon's  litu  longitude,  otherwise  lubtncled ) 
(he  sum  .>r  difference  will  be  the  apparent  time^of  Ilie  true  ecliptic  conjunction  of  the  sun 

'the  time  of  c< 


junction  at  Uieenwich,  inferred  from  the  Nautical  Almanac  b</  Proijicm  111.,  will  be  the 
longitude  ofthe  place  of  observation.  But  if  corresp'mding  obeervationg  have  lieen  made  U 
different  places,  it  will  be  much  more  accurate  to  find  the  times  of  the  conjunction  al  each 
place  by  the  above  rule ;  and  the  difference  of  these  limes  will  be  the  difference  of  meridiai 


it  does  not  differ  much  from  the  supposed  diffirence  of  longitude.  If  there  is  considerable 
Aifflnence,  tht  operation  mnat  be  repealed,  making  use  of  the  lonzilude  found  by  this  c^i>> 
Ikai ;  and  thus,  by  succesaiTe  operations,  the  true  longitude  may  be  obtained. 

The  longitude  of  the  ptaee  of  observation  being  accurately  kndwn,  the  errors  of  the  luntr 
Ublea  in  longitude  and  latitude  may  be  easily  Ibund.  For  tlie  difference  between  tlie  monn'a 
tnu  longitui^  deduced  by  ths  abore  method  from  the  obserTotions,  and  the  loiifitude  found 
from  the  Nautical  Almoaac,  will  be  the  eiror  of  tlie  tables  in  longitude.  To  find  the  erm 
in  latitude,  add  the  log.  sine  of  the  central  angle  DSP  lo  the  logarithm  of  the  sum  of  Ut« 
corrected  semi- diameters  at  the  beginning  of  the  eclipse  SF  ;  the  sum,  rejecting  10  in  tha 
index,  will  be  the  lonrithm  of  the  moon  s  apparent  latitude  FD  at  that  time ;  which  will 
be  south.  If  the  point  F  falls  below  0,  otherwise  north.  Take  the  difference  between  this 
and  the  moon's  apparent  latituds, found  by  Problem  V,  if  they  are  both  north,  or  both  south; 
but  their  sum,  if  one  be  north  and  the  other  south;  and  the  error  of  the  tables  in  latitude 
SrUt  be  obUined.t 

REMARK. 

"nie  aboTe  rule  wilt  answer  fi>r  deducing  the  longitude  fhim  the  observed  beginning  and 
end  ofthe  intrrnal  contacts  of  a  total  or  annular  eclipse.    The  diftiencea  conaist  in  leading 

•iprsssmn  —  U  fntur a  Im  tt»n  —;  Imi,  u  the  dhrison  8Laud  SPara  Marty  eqaalitlM]' may  be  M|t- 

8F,  Ir  tmaa  ttami  lIi.  ■iffrnmrn  oT  Uis  two  a;i|ignut  luiiiidea  EL,  fb,  m  whicb  cmm  Uw  rule  in  tbis  diih 

kttuilH  diTldMl  by  UiBiuninfilKitfiBi-dlsnrteniidhBiiijnandinKcin. 
•  1^'Hrii  B<F,  t*I.,an  wiiiaJ,  ur  llMir  OAnnrt  l>  hi  hiisII  Ihm  fi  iiuy  ba  nsKlsewd,  the  lof.  ihis  iTthf  in. 

CreB  miii'  hr  ulMilinl  iDMch  nnifs  ■iwdiliwi.ly  by  ■iiiiuariliif  th>  lufaruhm  i^f  tbo  son  of  BV  anil  xt. 
itbe  liiRlr.UiIn  iif  PL,  iarmHlnflbs  Indai  by  10.    This  nivihrat  may  sruiiu  OJwayi  be  Bsds  uKiiTwiih- 
•■I  Hucli  <m«.    It  lath*nilBiulu|iMbr  DMtwMsckay  in  luiUMIisa  on  lonftliida. 
t  Wbrn  Ihs  biniy  BH4iaa  varlss,  L>  mast  be  laksn  to  c«respi>ail  U>  (h«  nUdls  lliw  b*i»«B  lbs  bsfM 

In  (Kher  wnd*)  wbsn  FT>,  EL, 


(In  (Kher  wnd*)  wbsn  FT),  EL,  an  nry  ■nisli  I 


w»  a  solar  srli|w>i   (3.)  Bytbad^lTHsBie  oTdBclink 

and  sftsr  Ok  immerslnn  or  emersion )  (4.)  By  the  meridian  alU- 

iiK  day,  wlience  il  may  b*  finind  wbether  ths  rkoo  *-aa  nonli  nr  louik  <) 
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ibe  role,  beginning  and  enil  or  Ihe  intemai  cnntacti,  iuteid  of  beginning  ind  end  of  the 
eolipw,  nnd  laking  SF,  SL,  equ&l  Ui  Uie  ditlerenoei  of  thr  coirenponding  •emi' 
ioiteul  of  their  luini. 

EXAMPLE. 

At  Sniem,  in  the  latilude  of  42"  33'  30"  N  ,  longitude  Ira  eMinutioa  4h.  43m. 
troia  Greenwich,  the  beginning  of  the  totkl  ccIidk  oTJune,  IdOti,  wm  olwprvpd  >l  I 
(iia.  18i.l,>ndUieendatthe  tl>d.  Oh.  5nm.  34i.(i,  tpiMTCDt  ttoK,  by  aalronomicd  c 
tion.     Required  the  longitude  of  the  place  of  obaervalion. 

Moat  of  the  following  elements  are  calculated  in  Problem*  I.  II.  IV.  V. 


EI.EHENT8  OF  TUB  ECLIPSE 


1^  JpJace  49*  3a>  30»  —  Redtict.on  in  TaMo  X.\XV[|[.  II' 

Obllquily  of  liw  Kllptic 

p  <•  lon(.  by  N.  A.  —  En.  1'abls  fHHA  =  Triig  hH>|.  D  Pmh. 


En.  1'abls 
afHl^mal,  fa 

or  iU  nipiitaiiHinl,  irpinlei  tJian  IIW,  liarcb  D.. 


Aliilude  oT  acntieiiBMJ,  Prob.  V 
lEODtak  jiarallaii  hy  Pi  ' 


■I^UsXXXVlll.  w.s. 


Id  conrttlnn  Tahls  ] 


t't  boran  ■MJoB  ftoiB  the  Bint 

9'i  pualla*  in  IcHiKUud*  P 

I>'a*|i|iannilaiigiiiida--Ern)iTabLaSB".Sbj>  Prod.  V 
Q*a  lonfUiidc  by  Pr-^  ■ 


Kahku  P'i  ^pr.lnw'U^™  BHapp.mMloa 

i]a»r«i«Q'>liwii^A>=Q'iapp.  DPiiDn 

OSirmnf^  mUmu  ^  Q  i 

n^trua  lit.  by  N.  A.  Prob.  I.  — EnwT^bls  IJ".^... 
Itl  app.  Ui.  «R.  Av  (rrrv  Table  Iin.l  by  Preb.  V... 


4  4>  a 

5  17  U.S 


3«  ttJi 
M  19.1 

e  IB  asfi 

It  IT  3U 

1  la  «J 

e  ».i 


po=—  1  as 


Aa  the  apparent  laljtade  at  the  beginning  of  the  eelipae  li  north,  and  at  the  end  aoath,  tb 
point  F  correiponding  to  (tiii  eiample  lalT*  above  DE,  (he  pivnt  L  below  it  The  rest  o 
the  calculation  ia  u  Allows : — 

3.*M«     0'>  loBfltim* W41'  S«.4 


IncllnaltoB  84*  M'...Tu.l<I.WtQ[  I 


8F-4-^i'=e4'4e*.9... 


rfPL... 


.  104.SS 


)iir  K  lewr  (aRmeiil  PB.  Iva  .9  Lag.  I3XKM4 

IFSySjn.S^ IM3.5  1^.    3.«HSiW 

Angle  PSB 84- ]»  Mae   B.WTUt 

lactlniUlon W    14 

Hff.  larenimlaBclaDSF.      0    S  Calne  19.00000 

10^39197  9  = IM3>J  Lof.    3.BM38 


Ii>a(rual«n(ilud 


ai  41    3 .4  cwMt.  xaaw 

=  99   10  J    L«>.S.4Mtt 

Q34'  m.IsHUT".]      A.t;.ti.lW6« 

<  Ti  iIikhwj   Li»a.i3wM 


AP9.  Int.  FDi>9".8..  Lof.  •.4»J« 


mX:  I 


>  The  mwn  painllii  IbrnHHly 

ITfald  honry  iDMlon  increaeea  inun  av  id-. 
■.n  per  buur.  Htm  the  odliaic  aiajimn 
tt.  I9n.,  or  nlber  4h.  SOm.  tit.,  ovTBupiindli 
bacinnlnf  of  the  er1i|we ;  and  iha  increaH  n 
S4' IS".l,  limlbe  b«vy  mnlinn  S4'  IT".!,  hi 
•rJIpn  and  ibe  mnjunetinn.  ThN  !■  uvl  in 
lbu.in  the  nlunra  takiiUlHinLwebax    iwl  1 


li  now  Ibunil  ID  b*  n  wly  8*  A 

31'  iy.7,  or3"JI,durln(lbe>cltpaen.  44ia.  lOaS,  wkU 
nr  Una  oT  MW  nnna,  al  nmawlrii,  by  lb«  N.  A.,  *■ 
I  Clh.  STni.  lb.  at  SaMiii,  wlilrb  M  lb.  SOm.  Stt.  after  lb* 


7XJ  flNU  THE  l,Oi\UlTLDE   BV   AN  OUCOLTATIOH.  407 

In  fiodioff  the  time  or  cenjunction  of  new  laooii,  it  Greenwich,  4h.  19m.,  in  the  rtiJlJeitl 
Almaiuu:,  the  longitude  of  the  moan  wu  euppoud  to  i>e  given  eorrectlj  by  Iheublei.  If  th« 
ealoitaUon  be  nude  by  Prubjeiii  111.,  alVr  lilowing  for  Oie  error  — 5e"^,  the  reault  will  be 
4h.  iWm.  47a.,  whence  the  dlfiureace  of  meridians  — 4h.  43iii.  l(h.8,  which  ditTen  aa  little 
frnm  thetBaumed  longitude, 4h.  43in.  ieja.,thtl  it  will  not  be  necf  aaary  lo  irpeat  the  openitirin. 
ir  the  enlipae  wu  observed  tX  Greenwich,  the  time  of  conjunotinn  ousht  to  be  determiniHl 
thereby,  in  a  limiUi  manner  to  the  above  calculntiona  ;  or  by  ^"K  of  Problem  VII].,  if  only 
one  of  the  phaaea  ia  obaerved :  by  thia  ineuia  the  erron  of  ttie  (ablea  will  be  w'lolly  avoided. 
Iftbeeclipae  wu  notobaerved  at  (>recnfficb,theobBervition>at  an^  oljer  place  wboae  lon^ri- 
tude  ia  known  might  be  mule  lue  of,  and  thua  the  difference  of  meridima  iccurately  obuinrd. 

The  moon'a  true  longilude.  deduced  from  (he  above  observation,  ia  tU^  4ti'  ^'.l ;  by  tlie 
Nautical  Almanac  it  ia  B»u  SOi  3".!) ;  the  difibience,  —  6U".d,  would  be  tbe  error  of  the  Uthlea 
by  ttiid  obaerralion,  if  the  asaumei'  longitude,  4h.  43'  33",  tad  tbe  tolar  table*,  were  conri^l. 
By  repeating  the  operation  with  (he  aaauined  longitude, 4h.43m.  10>.ti,thecrror,6«".!),  wi>uld 
be  reduced  lo  nearly  tbe  eatimaled  value,  30" .5. 

The  rclipae  waa  ao  nearly  central  at  Salem,  that  a  varialionof  a  minute  In  the  moon's  Inti' 
lude  would  hardly  aller  the  time*  or  duration  of  the  ecline ;  «o  that  tbe  latitude  could  not 
be  determined  by  the  above  obaervationa  to  luiy  conaiderable  degree  of  accuracy.  FniJtl  this 
cause  it  bappena  tliat  the  apparent  latitude  at  the  beginning  ol  tlie  eclipse  ia  by  the  obuve 
calculation  •J'', 6,  initi'ad  of  1'  55".H,  as  found  by  altowins  the  error,  li".4,  deduced  from  other 
obaervBlinna  mode  where  the  ectipae  waa  uol  ao  neiSy  central,  and  by  tbe  limits  of  the 
flhidow  of  total  dsrkne**. 

PROBLEM  VII. 

Gt'tien  lie  laiibidt  of  the  place^  and  tAe  {^parent  Umes  oftiie  btraming  and  md  <(fan  oc- 

cidtatien  tjfafiredtUir  by  Iht  moon,to_findllie  longUuJeiiflht  plaet  ofobttmation. 

In  the  following  ni;e,  reference  will  be  mode  to  figure  13,  Plate  XIV.,in  which  DSE  n-prf 
tenia  a  parallel  lo  tlic  ecliptic  paseing  through  tbe  place  of  tbe  star  S  ,  SF,  SL,  the  norrecU  d 

.__.■  J. ,  ..  .      .  -ebt-ginning  and  end  of  the  occultalion;  DF,  EL,  the  ciil- 

itudes  of  (he  moon  and  the  ator,  when  of  tbe  same  nuiie, 
JilTerent  nanici ;  either  of  theae  line*  falling  btlow  DE  if  tbe  inoon') 
apparent  latitude  ia  more  aoutberly  than  that  of  the  alar,  otherwise  above. 

RULE. 

To  the  apparent  timea  of  the  beginning  and  end  of  the  occullaUon,  add  the  eaUmated  lonp- 
tnde  of  the  place  in  time  if  it  ia  wn*,  but  luhlracl  if  tati :  the  lum  or  difference  will  be  lb- 
■upposed  time  at  Greenwich  >  correapunding  to  which,  in  the  Nautical  Almanac,  find,  b_- 
Prnblem  1.,  the  moon'a  semi-diameter,  horiiionlal  parallax,  longitude  and  latitude,*  and  llie 
■im'a  right  aacenaion  ;  alio  (he  moon's  horary  motion  by  Problem  II.,  and  the  true  longitude 
and  latitude  of  the  fixed  atar,  by  Table  XXXVll.,  corrected  for  aberration  and  equatior.  ol 
equinaiea  by  Tables  XL.,  XLX.  Thia  may  alao  be  deduced  from  the  right  aacensiim  nni'. 
declination  of  the  star,  if  it  be  given  in  the  Nautical  Almanac,  by  meana  of  Problem  XIX 
of  thia  Appendix.  Find,  alao,  in  the  Nautical  Almanac,  the  obliqurty  of  the  ecliptic.  To  tlie 
moon's  semi-diameter,  add  the  correction  in  Table  XLIV.,t  and  from  the  sum  Bubtrant  tbe 
inflexion,  2",  if  it  be  thought  necessary  ;  the  remainder  will  be  her  roncctrd  semi-diaini^li-r. 
With  theae  elements  and  the  apparent  liinea  of  the  place  of  obaervalicn,  calculate  Uie  nhi. 
tudea  and  longitudea  of  the  nonageaimal,  by  Problem  IV.,  and  the  parallaxes  in  longitudr 
and  latitude,  and  the  moon'a  apparent  longitudea  and  latjluilea,  by  Problem  V. 

Take  the  difference  between  the  iijrparent  lungilude*  of  the  moon  at  the  beginning  and  em 
uf  the  Dccullation,  which  will  1)e  the  moon's  apparnU  motion  in  longitude,  Uie  logaritlim  of 
which,  in  second*,  being  added  to  the  log.  cosine  of  the  menti  t  of  the  apparent  latitudea  nf  the 
moon  at  the  beginning  and  end  of  the  occultation ,  rejecting  10  in  the  index,  will  he  tlie  In^- 
lithm  of  the  motion  oftbemoonon  the  parallel  FA.  The  relative  motion  in  latitude  A  L  ia 
found  by  taking  the  difference  of  the  moon'i  apparent  latitude*  at  the  beginning  and  end  of 
the  eclipM  if  lliey  are  both  north  or  both  aouth  ;  but  their  sum  if  one  be  north  and  tlie  other 
south.  From  the  logarithm  of  FA,  increasing  the  index  by  ill,  subtract  the  logarithm  of  AL  ; 
the  remainder  will  be  the  log.  tangent  of  the  anf.'e  uf  intiiniitum  DSB  ;  thia  angle  ia  to  be 
taken  grtBtcr  than  !KP  when  Ihe  JifTerence  of  tlie  moon's  and  star's  apparent  latitudea  at  tlie 
beginning  nf  the  occultation  FD  is  frnUtr  than  at  Uie  end  EL,  otherwise  ieas.§  Then  to 
the  log.  cosecant  of  the  angle  of  incliniition.  add  the  logarithm  of  the  relative  motion  FA  ; 
Ihi?  sum,  rejecting  10  in  th*  index,  will  be  the  logarithm  of  tbe  apparent  motion  of  the  moon 
in  her  orbit  FL. 
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408  TO  FlUU  THE  LOMGITUDE  BT  AN  OCCULTATION. 

Then  in  the  trUncle  SFL,  the  ndei  9F,  FL  (repmentiiiB  thi  conKted  vrmi-AwitetFn 

or  the  moon  al  the  iminersioa  anil  ememon),  ""  ... 


■ngle  FSB  (b;  Cue  VI.  Obliaue  Tng.).  Thus:  to  ibe  lajr.  vith.  coma.  ofFI^  add  Ibc 
loguiUiia  of  the  lumorSF  and  sL,  and  the  kHvithm  of  their  diSeienoe  :  ihr  nim,  rrjectina 
lOinthK  index,  nUl  be  the  lo^thmoTthediaiirenmof  the  (cgDieDla  FB,  BL  ;  half  of  III 


■ubiracted  from  the  half  of  PL,  will  giie  tte  two  ■ennenta  FB,  U  L  j  the 
Kicntei  aegment  being  conliiuoua  to  the  greater  aide,  whether  8F  or  SL.  Then,  fruin  the 
iDgaiilliiD  of  the  lenneat  FS,  increaaing  lU  indci  bj  10,  aubtiaol  the  liwaritbin  of  SF;  Ibe 
remainder  niU  be  the  log.  aine  oftlie  angle  FBB,«  which  ia  slwiji  leaa  than  !HI°.  The  d/- 
fcraia  between  thia  and  the  angle  of  inclination  D8B,  will  be  the  amthii  amgU  DSF. 

To  the  log.  coaine  of  the  central  angle  add  the  logarithm  of  the  moon'i  ttrrtati  Mini- 
diameter  at  the  imipendon  SF,  and  the  log,  secant  of  Ote  ttar'a  latitude :  the  nun,  rejecling 
90  in  the  indei,  will  ba  the  logaiilhm  of  the  apparent  diffenaoe  of  longitude  of  the  mnoD 
and  star  at  that  time.  Thia  ia  to  be  tubmuti  d  from  the  tnie  lougitixfe  of  the  atar,  if  the 
the  anm  or  difierence  will  be 
„  .  moon 'a  paiallai  in  longitude. 

when  her  diatance  from  the  ncmagtaimal  (found  aa  in  Problem  V.,  by  aubtnctiug  the  kmgi 
tude  of  the  nonageaimsl  from  tne  ntoon  a  longitude,  borrowing  3tjD°  when  neceaauy)  it 
gTiater  than  18lf ,  otherwise  the  parallax  muat  be  nUnieted;  Um  wim  or  diflerelKa  will  be 
the  moon'i  Init  Imgitade  at  the  beginninfr  of  the  occultation. 

Take  the  difierenee  in  aecondt  uetwet 


beginning  of  the  occultation  ;  to  the  logaritlim  of  thia  ukl  the  arithmptical  oob^.  log.  oTthe 
rooon'i  luiaiji  motion  I  in  seconds,  and  the  constant  logarithm  3.5G(>30  .  the  sum.  rriectin* 
n  the  index,  will  be  the  lognrithm  of  the  time  from  the  conjnnc 


aura,  or  diGerence,  will  be  the  apparent  time  of  the  true  ecliptic  conjunction  of  the  star  and 
moon  at  the  pla£e  of  observation;  the  difference  between  tiiia  and  the  time  of  conjunclion, 
inferred  from  the  Nautical  Almanac  b;  Problem  III.  for  the  meridian  of  Greenwich,  will  be 
the  longitude  of  the  place.  If  coireaponding  obBemtioai  be  made  at  different  placet,  it  will 
be  much  more  accurate  to  deduce  from  Ihem  the  time  df  conjunction  at  each  place,  and  lak* 
the  difference  of  Ihoae  times  for  the  difference  of  meridiana,  if  it  doea  not  differ  much  from 
the  auppoaed  difference  oflongitude.  If  there  ia  conaiderable  difference,  the  openiliai 
be  repeated,  making  u*e  of  the  longitude  found  by  this  operation  ;  and  thai,  b;  suet 
i^relions,  the  true  longitude  may  be  obtained. 

The  longitude  of  the  plac?  of  observation  being  accurately  known,  the  errora  of  the  lanar 
tables  in  latitude  and  longitude  may  be  easily  found.  For  the  diffsrence  between  the  mooD  a 
tnu  longitude,  deduced  from  tlie  obeerraliona  by  the  above  method,  and  the  longitiute  found 
from  the  Nautical  Almanac,  will  be  the  error  of  the  toblea  in  longitude.  To  End  the  error  in 
labtude,  proceed  Ihua  ;  To  the  log.  aine  of  the  eenlral  angle  DSF  add  the  logarithm  of  liv 
coriECtfd  aemi-diameter  of  the  moon  at  the  immersion  SF ;  the  turn,  rejecting  10  in  the  i  i 
dex,  will  be  the  logarithm  of  the  apparent  difference  of  latitude  of  tlie  moon  and  star,  wh  _n 
being  added  to  the  true  latitude  of  the  star,  with  the  sign  -|-  if  the  point  F  (alia  Ma»  the  lim 
DC,liut  with  (hengn  —  if  ajwce,  will  giie  the  apparent  latitude  of  the  moon  at  that  time  :  tin 
difference  between  this  and  the  apparent  latitude,  found  by  Problem  V.,  will  be  the  error  nt 
the  tables,  alwayi  supposing  the  lign  -4~  to  be  prefixed  to  •DutAsrn  latitudes,  the  wgn  —  la 
nortiiem,  und  noting  the  signs  aa  in  algebra.} 

REMARK. 

In  the  two  preeedin^  problems,  the  time  of  the  tme  conjunction  it  eakulated  In  mei 


the  triangle  SFD;  but  it  will  be  useful,  for  the  purpose  of  veriUcatinn,  to  SQ  otsi  Uie  calculs- 
■         '  -...-.    n.  ^      —  ...     „n,0  in  Goth  methi  ■        "" 

he  logarithm  of  91 
logarithm  of  LB,  increasing  1t«  index°by  111;  the  remaindei  will  be  the  log.  sine  of  the  acute 
___,_  .<,..   _^:.u  ^.■. jj_., ._  .u ,_  _,  .__„__..__  „L__j  __  befort'    -^"  ^—  -■-- 


tion  by  meant  of  the  triangle  SLE.     The  proceaa  is  nearly  the  same  in  both  methods. 

'''"'  -  '^    B  finding  the  angle  L8B,  by  subtracting  the  logarithm  of  9L  fVom  the 


angle  LSB,  which,  being  a4dtd  to  the  angle  of  inclination  (found  aa  before},  wilt  pre 
eatlrat  an^la  DSL  :  with  this,  and  the  diatance  SL,  corresponding  Co  the  end  of  the  eel 
or  occultation,  may  be  found  the  apparent  difference  of  longitude  between  the  aun  and  monn, 
and  moon  and  star :  this  is  to  be  added  to  the  longitude  of  tbe  sun  or  star  at  that  time,  it 

'  '- '  "0°,  otherwise  subtracted:  the  sum ,  or  difference^  will  be  the  a^ 

<n  corresponding,  from  which  the  time  of  the  ecliptic  conjunctior 
may  be  obtained  as  before.  If  the  central  angle  exceed  ItW^,  the  sine  and  cosine  of  tlie  exoea 
of  that  angle  above  I8U°  must  be  found  instead  of  tbe  aine  and  conne  of  the  central  angle. 

The  apparent  latitude  of  the  moon  ia  found  as  in  the  preceding  rules,  by  making  nw  •! 
the  central  angle  DSL,  and  the  Talae  9L,  corresponding  to  tlie  end  of  the  eclipse  or  oa:iit 
tatton  ;  whence  may  be  deduced  the  apparent  latitude,  and  the  error  of  the  tables  in  latitiida. 

It  ia  evident  that  both  these  methods  ought  to  give  the  same  resolts,  and  thus  famufa  s 
proof  of  the  correctness  uf  the  calculations.  All  tlieae  calculations  may  be  made  bj  propor- 
lional  logarithms,  by  reading  in  the  rule,  log.  teltngtnt  for  log.  tangent,  lef.  eoncaal  fm 
log.  sine,  &«.,  as  was  mentioned  at  the  end  of  tbe  rule  in  FroUem  V.,  and  by  using  ths 
constant  log.  0.4771,  instead  of  3.55630. 

•  tVhsn  BF  ±=  8L,  lbs  in(1«  m 


TO  FIND  THE  LONGITUDE  Bi;  AN  OCCULTATIOfc  469 

EXAMPLE. 

S^ppow  in  &  place  in  the  liUtude  of  OH  0'  N.,  iongilude  Ih.  9m.  Oi.  eMt  of  Green wicb 
!»y  egtunBtion,  Ihe  occulUtion  of  Spicn  by  the  moon  on  Dnvmber  IS,  IB08,  wt»  nbietvei' 
the  immeniOD  U  Hjh.  &7m.  a*.,  emenion  (t  Idh.  lOin.  2!li.,  aapannt  time  b»  u 
■Jo^uUtiOQ.     R^uired  the  loniituJe  of  the  plice  ofobKrvation. 

Moil  of  tbe  elenientt  in  the  following  Tihle  axe  cdculited  by  Problemi  [.,  II.  and  V 


Tbe  diSerenee  of  thf  «pp«ient  latitude*  of  the  moon  ind  rtar  at  the  beeinnine  of  the  oe. 
•oltation,  3-  21".3,  being  let.  than  at  tlie  end,  C  54"JJ.  the  angle  of  inolin.lion  T.  hm  tbm 


DiManuPA 
fadimvoiMlH il 

Amnnnl  ■odoo  PL. 

Ui<lknii«8P,8L.... 

AL=3  ».B=  9I&R 
B  3a  18.1s  1)78.1 


Coal'iBcUoa le    «     ■  atptouorohnfmtaa. 

OnJuKtloB IT    M      OiSittTleh. 


...BlNiSJMIC 
...Lojl.  «.81>44.' 
)>  If^    Lot.  8J00« 


•I  luiiude      9  1 


Btw  T.M*         —  I  .4  In  iiiniidi 

»  V  Inie  t[>ii.  SM  7  M  .a  by  dbfc 

!»'•  uui  tun.  aw  7  M  J  by  N.  A, 

EmcTtU*  +  1  J)  in  loailu 


uuiila  ■r<'  rniUani  VI 


B  cni||uiiclkHi,  Igh.ttm.  (dcdiirHl  ftnni  tl 
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Ih.  flm.  &.,  diffiinbatSi.  fiw 
a  conBideiabii;,  it  would  hmwt 

oeridii-'ii  Lhu«  cakulnied,  nni 
^  ,,  min  d1  Uie  lablm  sbuTC  1^  iiwid, 

deduced  upon  (he  HUiifKHiitlon  tlml  die  obaervntianii  were  actualiy  made  al  the  ptier 
Lioned  in  Uiii  eianiple,  and  that  the  true  louj^itude  of  the  place  of  abterTatiDa  waa 
III.  Dili.  Os.  Tor  it  must  be  obgi'rTed,  thai  the  errors  oC  the  Ubiea  in  longitude  caiiLni  b« 
found  bj;  an  obaerration  nfan  cdipee  or  oceuitalion,  without  knowinj, by  other  obaerraiionB, 
Uie  preciie  longitude  of  the  place  of  obaervalion.  Thia  ia  evident  by  (rfMerring,  Ihat,  ly  re- 
peating [he  operation  till  the  anumed  and  calculated  longitude  of  the  place  «*  obanralini 


The  (liffi  [i 
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■eree  with  each  other,  the  longitude  of  the  nioon,  deduced  from  the  cilculalion,  will  i^rc* 

•liKi  wilJi  Ihfl  loDiilude  by  ihe  lable-     *"'  -  ■' ■"  — ' ' " '-'-   ""-  '"-  "- 

1  from  the  Nautical  Almanac 


■Two  with  Ihd  loDiilude  by  the  laUea.    The  time  of  conjunction  at  Greenwich,  171i.  33in.U*., 


tables.  To  obviate  thia  error,  it  will  be  neceasary  to  deduce  (bv  the  above  method,  'ir  1^ 
Ftr>blem  IX.  when  only  (he  beginning  or  end  ia  obaervedl  the'time  of  conjunction  frum 
obsiTvationi  actually  made  at  two  places;  the  difierence  of  theae  time*  will  be  the  difierem* 
of  raetjdiuu  free  from  the  errora  of  the  toblea. 

PROBI.F.M  Vni 
Tn  Jindlhe  lonf(Uwlt  qfaplmx  by  im  ediptt  of  Die  »iai,tohmtlu  begxiuiioff  or  eiid  ambf 
it  ohftrvtd ;  Ihe  itppmtnl  time  being  alimitted  from  noon  to  noon,  maordittg  to  m 
melhod  qf  aitrenomert ;   the  laliludt  of  Ihe  place  hiag  ai*o  ImovH. 

RULE. 

To  the  apparent  time  apply  the  ■atmiated  longitude  of  the  place  in  tinw,  by  Mlding  rTwrM, 
■Dlilrocting  if  east ;  llie  aum,  oi  dilTerenue,  will  be  the  aupposed  time  M  Groenwich.  Cor- 
responding to  Ihia  time  in  the  Nautical  Almanac,  lind,  by  Pinblem  I,,  the  moon  ■  acini-diaiiie- 
ter.  horizontal  parallax,  lon^tude,  and  latitude;'  and  the  aun'a  semi-diameter,  langitudt, 
and  right  ascenaion  ;  also  the  moon's  honry  motion  from  the  sun  by  Problem  II.  Deeieaa* 
the  sun's  ae mi- diameter  3j"  for  inadiatim.  Decrease  the  moon'a  aemi -diameter  S"  for  M- 
ylrii^ni,  if  it  be  tliought  necessary,  and  to  the  remainder  add  the  coneetion  to  Table  X  LI  V.I; 
Ihe  sum  will  be  the  tnoon'a  corrttttd  semi-diaineter.  Find  also,  in  Ihe  Nautical  Almanac, 
Ihf  obliquity  of  the  ecliptic. 

With  Iheae  elements,  and  the  apparent  time  at  the  place  of  observation,  calculate  the  atti- 
inde  and  longitude  of  the  nonagealmol  by  I'mblcm  IV..  and  the  parallaiea  in  longitode  and 
latitude,  and  Ihe  moon's  apparent  latitude  by  Probli-in  V. 

To  the  sum  of  the  corrected  Hemidtameleia  nf  the  sun  ana  moon,  add  and  nAlracT  the 
■noon's  apparent  latitude,  and  find  the  logarithms  of  the  ma  and  difereiue  in  seconds.  Half 
the  sum  of  these  two  logarithiua  will  be  the  Jo^rithmt  of  an  arc  in  seconda,  to  be  added  tr 


VI.,  b"e'<i 


in's  longitude  if  the  phase  is  after  the  apparent  conjunction,  bat  subtracted, 
""  renee,  will  be  Ihe  appirnU  longitude  oft!  -      .  . 


..be  Ihe  tipparnU  longitude  ofthe  moon.     Tu  thia  add  the  mian'a 
n  longitude,  when  the  moon'a  distance  from  the  nonogeaimal  (found,  aa  in  Problem 
eublrarting  the  longitude  of  the  tionagesimal  from  (he  moon'a  longitude,  borrowinD 
«j  I-  wnen  npceaaary),  ia  greater  than  180^,  otMrwise  subtracted  ;  the  sum,  w  difTerence,  wiD 
be  the  trus  loniritude  ofthe  moon. 

Take  the  difference  in  seconda  between  the  true  longitudes  of  the  son  and  moon,  and  lu 
its  logarithm  add  the  arithmetical  complement  Ing,  of  the  moon'a  horary  motion  from  the 
eon  in  aeconds,  and  the  constant  logarithm  ^l.-ViO-ltf ;  the  sum,  rejecting  l(i  in  the  index,  will 
be  the  logarithm  1  of  the  correction  of  the  given  time,  eipreaaed  in  aecondi.  Thia  ia  to  be 
added  to  the  apparent  time  nf  obaervalion,  when  the  moon'a  true  longitude  is  leas  than  the 
sun's,  otherwiae  Bubtracled>  the  anm,  oi  dillt'rence,  will  be  the  time  of  the  true  conjunclion 
at  the  place  or  observation.  The  difference  between  this  and  the  time  of  conjunction  infenvd 
from  tlie  Nautical  Almanac  for  Ihe  meridian  of  Greenwich,  by  Problem  III.,  wilt  be  the 
longiliide  ofthe  place  of  observation  in  lime,  auppoaing  the  lunar  and  solar  tables  to  be  cor- 
rei-l ;  bul  it  is  much  more  accurate  to  compare  actual  observations  made  st  dilTerent  place*, 
by  deducing  tlie  times  of  the  ecliptic  conjunction  from  each  obsetratioa ;  the  didbieoce  of 
these  times  will  be  the  difikrence  of  longitude. 

EXAMPLE. 

At  Salem,  in  the  laUtude  of  4*^  33'  30"  N.,  longilnde  by  esUmation  4h.  43m.  SSa.  W.  ftos 
(|  reenwich,  the  beginning  of  the  total  eclipse  of  June,  1H06,  waa  observed  at  15d.!22h.6m.lSs.l 

t  Tk!i  iwruritDB  niiin  Ik  fuund  attsr  the  sIlltiHls  anit  InnaiUids  of  tlw  nanafHiBial  an  ealmlatail. 

•nrs  ronalsts  in  usini Uw  mnMant  tiHwHliis  0.4111,  lasta*  ora..-Ai«n,>n  nDdiim  Oik  i  me  o^conl'inction. 
f  la  asa'nil, Um brnanlni uf  aa  silipn  w  wciinaliun  ptwwies  ib« aivainil i-oHJinrtimi, anS  i)wFn4  is 

*.it.Fi  naaiHy,  wb«e  tbnV"  P.<rL(PtaieXir  at.  11,  i:iinill>  hciweea  C  and  R,  wb'ti,  .aa  kappea 
only  wbra  Ihs lines  FO,  Bt„arc  niwly  niualloliPorSl.    In  Ih'i  rane,  Il  nay  IniiArrtainid  n-btthrtUia 

(tniiH  nthrtinn'n,  sad  end,  ralr'ilaird  V"<'"<>>lem  Xlll, :  and,  ■>  Ihe  l^niial  intfr  "imCr  rw  lo'i  ihan  »r 
ttie  T^nstW'JI  A41aw  (vprecsds  the  apparent  eon)]|Dctkiu,tlu9  laltud«8  giran  Iq  ibr  tablos  lwla|  suppufsa 
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■opueiit  time,  bj  aatniDuDiica]  computation.     R«quired  the  longitade  of  tiie  |il>ct.  fruia 
ttaJM  obiervatinn. 

ThP  e<<-ment«  mnst  beealcuktcd^M  JD  the  Example  or  ProUem  VI.,  Tor  ttio  bcetnning  iif 
the  uelipHF.Ficppl  thcHie  marked  in  italic*.  The  reit  of  tlw  calculatiwl  may  be  made  bj 
pruputional  logaritlinia,  u  follnwi  -. — 


J   comapoDilInf  to  Pnfk  Lof.     74M 


ConiUnl  Lof.  D-Uti 


Time  iHm  rohjiiH 

.tiiiatitiiicuiijnii'l 


It  we  ■uppoMe  the  time  of  coniuaction  at  Greenwich  to  be  4h.  aOm.  47i.  aa  calculated  11: 
Jie  Eliutiplf,  Hrobleiti  VI.,  the  dilTereace  of  ineriiliuns  would  be  4h.  4:tni.  I(w.,  agreebig 
;tearly  Willi  (he  asiiuiiii-d  liiiij^itnde,  ao  that  it  wilt  not  be  neceaaoij  to  repeat  the  nperatl'm 
The  reiiiarka  at  the  end  of  that  example,  reapecting  the  errors  of  tlie  luuar  Uhlen,  and  iIk. 
coinDorinj;  of  actual  observation*  at  dilTerent  places,  are  eqoalljr  applicable  to  the  prcaen 
problem. 

PROBLEM  IX. 

I'o  find  the  lor^f^itude  of  a  place  by  an  occuUation  0/  a  fixed  ttw  by  the  moon,  tchen  fie 
vatnertion  or  tnurtion  only  it  obttntd ;  the  apparttU  time  being  eriimaUd  from  nam 
to  noon,  according  to  the  method  of  astronomers,  and  the  latitude  of  the  plact  beivo. 


iriecM.  lubtraclin^  it'aoM;  the  aum 


At  thia  time  And  in  the  Nautical  Alman 
'ter,  horizontal  parallax,  longitude,  and  lal 
nby  Problem  IT.  1  alxi  tlie  latitude  and  lonptude  oftlip  fixed  star  by  Table  XXXV 


diameter,  horizontal  parallax,  longitude,  and  latitude.*  by  I'robleiii  I.;  and  the  1 
■       '      "    "  'xi  tlielalitudeand  longitudeoftlip  fixedatarbyTnl 

n  and  equation  of  equTnoxea  by  Tablea  XL.  Xi.1.      Decrenae  the 

...a._.._    ..- -.  1    .,  .  .    L. Bry,  and  to  tlie  remniniliT  add 

n.r«(«/»enii-di»[iiet»-r.     i'l-.i 

,   n  the  Nautical  Aliuanaa,  the  obliquity  of  the  eclijitic.      With  ttieae  elementa,  and  the 

•ppaTf>nt  time  nf  obaervation,  calculate  the  aliiiude  and  lon^tnde  of  the  nonaceniiial  hj 

Prolilem  IV.,Btao  the  parallaiea  in  longitude  and  latitude  oCtSe  moon 'a  apparent  nlilude  by 

Problem  V. 

Take  the  diffpTpiice  between  the  latitude  of  theatojand  the  apparent  latitude  of  the  moon 

the  sum  of  the  lo^ritliina  n(  Ihew  ijuenliliea.  incrpaiird  bv  llin 
tude,  rejecting  10  in  (he  index,  will  lie  llie  liigarilhin 

tion,  bulBiiblracted  if  ie/./r*;5   the  auin,  or  difference,  »  ,,  „  . 

moon.  To  thia  add  the  moon'a  parallax  in  longitude  when  the  mnnn'a  diatnnce  fmni  tho 
aonageaima!  (found  aa  in    Problem  VII.,  by  aubtracting  the  longitude  of  the  n.inii5.>siniBl 

iubtract  it;  the  aum  or  difference  will  be  the  inu  loD)(ilude  of  tlie  moon.  Tnke'lhe  differ. 
ence  in  aeconda  between  the  moon  and  ataj'a  true  longitudes,  and  to  ila  loifnrilhm  add  tho 
rithmetical  nomp.  log.  of  (he  moon  a  horary  motion,  and  the  constant  logarithm  3,S."i(Bn, 
th:  aum,  reiecting  10  in  the  index,  will  be  the  logarithm  [  nf  a  correction  in  wniiidH  In  \» 
applied  to  the  given  time  of  obaervation  by  adtling  when  the  moon's  true  longitude  ia  lew 
than  th<   atar'a,  otherwiae  ruMratl'mg ;  the  aum   or  dilierence  will  be  the  time  of  the  true 


oogic 
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•OQjunutiDn  at  the  place  of  obMrralion.  The  diSeienee  between  Mm  mnd  the  time  of  c«a 
pmction  inferred  froni  the  Nautiial  Aliiunac  by  Froblem  III.,  for  the  meridian  of  Green 
wich,  will  be  Uie  longitude  of  the  plsce  of  ob«erv>tion,  if  the  tablei  ue  correct ;  bat  it  i« 
much  more  iccunts  to  compan  the  lime*  of  conjatictioD  deduced  from  itctiul  obaemtioiii 
at  the  difierent  pUcei  in  the  muiner  mentioned  at  the  «nd  of  the  rule  {iren  in  Problem  VIL 

EXAMPLE 

SnppoK  in  a  place  in  the  lititude  of  20°  V  N.,  lonptnde  b;  etumation  Ih.  9m.  Di.  bmi 
Tram  Greenwich,  the  emenion  of  the  stu  Spica  wia  c^Merred  on  December  12,  IdOS,  al 
lljli.  lUm.  fHh,,  apparent  time,  by  aMronomiea]  computation.  Kequired  the  longitude  of  Uk 
place  of  obKTTation. 

The  element!  must  be  calculated  aa  in  the  example  of  Problem  VII.,  for  th*  emernon  of 
Spica.    The  reit  of  the  calculation,  mada  bj  common  loganthma,  i*  ai  follow*  -- 


Tarm 

The  difference  of  meridian*  bj  calculation,  Ih  9m.  3>  ,  differ*  but  3*.  IVom  the  a 

■ -'ude,  ao  that  it  will  not  he  necemiT  to  repeat  the  operation.     Alt  the  — *—  - 

d  of  the   example  in  Problem  Vll.  are  applicable  U>  thia  problem. 


longitude,  ao  that  it  will  not  be  necenaiT  to  repeat  the  operation.  Alt  the  lemarka  mada  ai 
Ue  end  of  the  example  in  Problem  Vll.  are  applicable  U>  thia  problem.  It  mav  alao  faa 
Aiither  obaerred,  that  the  enieraion  or  immenion  which  happen*  on  the  dark  limb  of  tl 


n  can  be  obaerred  with  mnch  more  accnracj  than  on  ihp  enlightened  limb ;  beeauae  the 
light  from  thi*  limb  prevent*  the  obaener  from  perceiving  the  atai'i  immenion  or  emerann 
ao  inatontaueouity  aa  on  the  dark  nde  of  the  moon. 

PROBLEM    X. 
To  calcvlaie  an  edtpxt  qf  (Ac  moon. 

The  time  of  beginning;  or  end  of  a  lunar  eclipae  at  anj  place  may  be  Ibnnd  by  anbtrscting 
r>r  adding  the  longitude  to  the  times  given  in  the  Nautical  .Almanac  for  the  meridian  of 
Greenwich,  according  a*  the  longitude  i*  weal  or  eail.  But  a*  mine  rradera  may  wiah  to 
know  the  method  of  deducing  Iheae  time*  from  the  longitadea,  latitudes,  /kc.  of  the  mooB 
a:>d  inn,  given  by  the  Nau(i(»l  Almanac  or  by  other  labTea,  it  waa  thought  proper  to  liuert 
the  rjle  for  theae  calcnlalion*. 

An  eclipse  of  Iha  moon  can  onN  happen  at  the  lime  of  the  full  moon.  If  her  lon^lade 
at  that  time  i*  not  diatant  irom  eidier  nodet  of  the  moon's  orbit  moiv  Ihan  about  Vf,  there 
may  be  an  eclipae.  To  find  wltether  there  will  be  one,  and  to  calculate  the  time*  and  phaaea, 
proceed  a*  follow*  : — 

RULE. 

Find  the  time  of  Ml  moon  at  Greenwich  by  tlie  Nautical  Almanac  nr  Problem  HI.,  la 
which  add  the  longitude  of  the  place  turned  iDto  time,  if  coat;  but  lublraiz  it  tout;  the  *nm 
ar  difference  will  be  the  time  of^the  ecliptic  opposition  at  the  propoaed  place. 

For  the  time  at  Greenwich,  find,  by  Problem  I.,  the  moon'*  latitude,  horiiontal  panllax, 
and  aemi-diameter  (which  require*  no  augmentation)  ;  aJao  the  aun'a  aemi'diameler ;  tbcB, 
by  Problem  II.,  the  horary  motion  of  the  moon  ftom  the  aun  In  longitude,  and  the  moon'* 
tiorary  motion  m  latitude. 

e  ACB  (Plate  XIV.  figure  6) ;  and,  perpendicularly  thereto,  the  line  PCR. 


vis  ii  (ITSB  la  Iha  Nautical  Almansc    Tba  loa|ttud«  (tf  Iha 
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■un  ill  loDgitnde,  and  lel  it  od  the  line  CB  to  the  right  of  C,  from  C  to  O.  Take  CP,  eqiui 
to  the  maoD'i  honry  motion  in  Ittitude,  >■  found  with  Ita  mign  bj  riobtem  11..  «nd  net  it  on 
the  line  CR,  f>om  C  to  P  ;  oioFf  tlie  Une  All  if  its  U£n  'u —,  Mote"  if +.  Join  OP,  which 
H  equal  to  the  honr;  motion  of  the  nioon  rrom  the  lun,  and  urallel  thereto  throujfh  O 
draw  the  reUtire  orbit  of  the  moon  from  the  aun  NnL,  od  which  are  to  b«  marked  the 
piscea  of  the  moon  before  and  afWr  the  full,  by  im-ana  of  the  horary  mntioD  OP,  ao  that  the 
momeDt  of  full  moon,  or  ecliptic  oppoaition  at  the  prupoaed  place,  may  fall  eiactly  on  the 
point  O.  Thia  may  be  done  bj  makinir  the  eilenl  OP  equal  to  the  tranaverae  diatance  of 
So,  60,  Milhe  li        -  -  ■  ■ 


diitanee  corieaponding  to  the  minutea  and  partaof  a  minute  in  the  time  of  full  moon  at  the 
place  of  obaervation,  and  setting  it  on  the  line  UN  from  G  toward*  the  right  to  the  point  z, 
where  the  whole  hout  preceding  the  full  moon  ia  to  be  marked.)  Then  [he  diatance  Or 
let  IraiD  z  to  the  right  hand  on  the  linu  LGN  reac^a  lo  tlie  houn  preceding  the  fViil 
moon,  and  act  to  the  lelt  band  reaehea  aucceaaively  lo  the  following  hours.  I'liev  inlErrala 
•re  to  be  divided  into  60  equal  poiti,  R)in!*entiiig  minutea,  if  the  aiie  of  the  acalc  will  ad- 
nit  of  it 

Add  &0"  to  the  moon'a  horlconLal  parallax, t  and  Fnna  the  aum  aublract  the  aun'a  lemi- 
diaineter;  the  remainder  will  be  the  •emi-diameter  of  the  ahadow  CB,  with  vhicb  iletcribe 
the  circle  ABB  about  the  centre  C.  Add  the  muoa'i  aemi- diameter  to  the  radiua  CB,  and 
with  that  radinideacribe,  about  the  centre  C,the  circle  DRM  ;  which,  if  there  be  an  eclipse, 
will  cut  NL  in  the  pointa  E,  H,  repreaenting  mpecti«ely  the  plaeea  of  the  moon  at  the 
beginning  and  end  of  it.  If  there  la  no  intersection,  there  will  be  no  ecllpae.  Draw  the 
line  CKST  perpendicular  to  LN,  cutting  it  in  K,  and  meeting  the  circlea  ASB,  DllH  in  S, 
■ndT.  Willi  a  radiua  eqaal  to  the  moon  Baemi-diao)eter,deacilbe  about  the  centre*  E,  H,K, 
the  imall  circlei  repraaenled  in  the  finire  ;  of  which  that  drawn  round  K  cuta  the  line  CKB 
in  the  poinU  I,  F;  and  if  the  ectipK  ii  total,  the  whole  of  Ihii  circle  will  fall  within  ASB, 
uin  fig.  6)  but  if  part  of  the  circle  falli  without  ASB,  aa  in  tig.  T,PUte  XIV., tlie  eclipse 
will  be  partial.  In  either  caae,  the  number  of  digita  eclipaed  may  be  obtained  by  saying, 
Aa  the  diameter  of  the  moon  Fl,  n  to  the  obH:urrd  part  FS,  ao  ai«  IS  digita  (0  the  auinber 
af  digita  eclipaed.  When  the  eclipae  ia  Intal,  the  beginning  and  end  of  total  dartneaa  may 
be  found  by  taking  a  radiua  equal  to  CB,  decreaaed  b^  the  moon's  semi- diameter,  and  iweep- 
tng  with  it  round  the  centre  C,'a  circle  d  e  h  n,  cutting  LN  in  the  poinla  t,  A,  representing 
reapeolivelj  the  pointa  of  beginning  and  end  of  total  darknen.  Then  the  houra  and  minutea 
marked  in  the  line  NL,  at  the  poinla  E,  e,  K,  h,  H,  will  represent  reapectinetp'  the  timei 
of  the  beginning  of  the  eclipse,  beginning  of  tolal  darkneaa,  middle  of  the  eclipse,  end  of 
tniai  darkness,  and  end  of  the  eclipse,  in  lliit  rule  no  allowance  is  made  for  the  oblate 
(■aure  of  the  earth,  the  correction  from  t)iia  source  being  much  leas  than  the  enora  of 
oMerration. 

EXAMPLE. 


By  the  .Nautical  Aknanac  the  time 
of  rail  noon  at  Greenwich  was 
May  <tth,  at  I9h.  39m.  From  thia 
subtracting  the  longitude  of  the 
place  of  ob^.v.tion,30^  W.,or  !&., 
the  remainder,  I7h.  39m.,  waa  the 
time  of  full  moon  at  the  place  of 
obserration.  Corrctponding  to  Ihs 
tiiiie  at  Greenwich,  19h.  SSm.,  the 
elementa  in  the  adjointd  table  were 
calculated  by  Prob.  I.  and  II.,  and 
the  values  CB,  CD,  Cd,  found  by 
the  above  rule.  Upon  the  centre 
C,  with  the  radii  CB,  Cl>,  Cd,  ta- 
ken from  a  scale  of  equal  parta, 
deacribe  the  circlea  ASB,  MRD, 
mrd.  Draw  the  line  ACB,  representing  the  ecliptic,  and  make  CG,  perpendicular  thereto, 
equal  to  the  n        '     '^" *     -  -       ■- 1- -  .-^- \.-.— --  ^ •--. 


EI^HENTS  UP  THE  ECLiPfiB,  HAY  9, 

ISh.M-. 

^z:j:^%:^rT,:^s:^,^'*m'c6 

ir  3» 

IS  J!   '3 

-  aieia 

4fl   IS  J 

S8  3I  .9 

r-  hotiry  in«i.«  In  ioa'fiuidi^  plii.  11 

fl'i  hofary  BHKtaa  fhiai  ©  la  ioaililBde CO 

pjilHinir  nidiiMiBlaiMAo,  Pnib.ll .OP 

■  In  otiwr  wscdi,  U>a  noliii  P  will  Hit 
otlierwlH  bilnw :  Uiat  H,  tbg  point  F  i 

ItHiBd  by  t>»U°n  II.    Iniiiaderwlilib 


vary  In*  trmn 
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uitiludr  la  nuth.    Make  CO  nguU  to  the  honrj  molian  at  the  mooD  from  tbe  mc  in  'oiiti- 

liiil'',  ILV  13" .0,  and  CH  jHriH'iidicuJiir  tliert-lo  rijual  to  liie  h.irary  luulioti  iii  luiilurir. 
'-;t'  tirf'.!t,  thi'  puiiil  P  brill"  placed  above  C,  becauae  the  iitMin'i  huriLTy  iiiuliiiii  in  tlic  liilj- 
tud(-  liaa  llii'  nigii  —  prelixrJ;  or,  in  otJier  woidi,  Uie  lalilude  waii  atiuili  di'CKnsiiig.  Jo.n 
OP.  otid  parallel  UiEreto  draw  Cliruugli  Q  ihe  line  NGL,  and  on  it  let  fall  tltc  w-rpradiculai 
CK.  Make  tlie  diiliiace  OP  a  tnnaverse  ditlance  of  (iO,  UO,  an  Die  line  of  lin>-i  nt  llw 
ieflrir,  and  inensure  fruin  the  miiie  linen  the  Iranaverae  diitaooe  'A'J,  'JU  (oorrenporiiliiiK  tnlhe 
ininuleii  in  tlie  lime  of  Tull  moua  at  the  place  nf  ubaervatian)  ;  tbia  dislajice,  wl  on  Die  tine 
0.\,  tu  Hie  rigiil  oT  (i,  reochea  to  the  point  z,  where  liie  hour,  17h.,  precedln|[  the  full  iiioob. 
ia  to  be  marked.  Take  the  extent  OF,  and  1a^  it  from  17h  to  the  rijfhl  liuid  to  Itih.,  and 
iucceaiively  to  Ihv  ted  lo  Hh.  llih.,i&c.  Subdivide  dieae  line*  inlo(iOei(uiil  part*,  repreaeiii 
ine  minulea,  if  the  acale  will  permit,  and  the  tiinea  correiponding  to  the  puinlit  E,  a,  K,  k,  U. 
will  represent  reapectively  the  beginning  of  the  eclipae,  IQh  oiiiii. ;  the  b('(;iDDiD|[  of  total 
darkiieaa,  Kih.  54tn.i  the  middle  of  (he  ecliiMe,  I7h,4]m. ;  Iheendof  total  dorknew,  leh.V^u.; 
and  llie  end  of  llie  eclipm-,  V-lh.  2lim  )  which  liiiiea  kgnx  nevly  with  thuae  in  the  Naulic*! 
Alnianac,  allowing  for  the  dillerence  or  Dieridiana  'i  houn. 

CAIX:ULATION  BV  L00ARITHH8. 
The  phtsea  of  the  eclipae  niaf  klao  be  calculated  by  lugarithm*  in  ■  verj'  Bimple  manner. 
Thui,  auppoae  it  waa  required  to  Rnd  the  time  of  llie  begmnuig  of  the  eclipae  in  the  aboTe 
«uinple.  In  thia  cue,  ill  Uieright-atigledtiiiingleOCF.Aere  would  be  given  UO=)lli3".0, 
■adCH=.aiH"J!,  to  find  OP  =,aHO"Ji,  and  the  angle  OPC  =  *t-ai'.  Thi.  angle  i.  equai 
tu  aUE,  because  GE.  OP,  are  parallel,  and  ila  aupplement  givea  the  aDglr  CUk^^iiTi^  .if 
Then,  in  the  tfiuagle  CUE,  there  areKiveirihe  angle  CU£  =  Di>°  US',  the  moon'a  laUlud* 
CG  — im"a,and^thelineCE(  — CU)=.:t77li".U,tofindCEG  =  lf^4«',  GCK=J4-  M', 
and  GE-<:)(ir>4".ri.  Then  any.  A*  UP  {H^i"U)  ia  to  1  hour  (»)UOa.),  ao  ia  Gb:  (:hk''>4"5.}  in 
the  time  ((illKj*.  n),  lb.  4:)iii.  Itia.,  between  the  beginning  of  the  eulipse  and  tlie  lull  numn 
ai  tlie  place  of  obaervalion,  I7h.  Xbn. ;  and  as  Uie  point  E  falli  lo  the  righl  handufG,  Ihal 
time  luual  be  aublracled  from  tTh.  31lni.,  lo  obtain  Ok  time  of  Uie  beginning  of  the  eclipae, 
IGli.  Siiin.  44b.,  which  agreea  nearly  with  the  projection.  Ai  theae  calcuiatiuua  are  very 
simple,  it  will  be  uoneceasary  to  take  notiiv  of  the  diSersnl  case*,  or  to  jcive  tlie  oak-ul» 
nonaat  full  length,  the  whale  being  sufficiently  evident  from  the  Bgure.  The  iniddWofths 
•eliiMe  is  found  by  ineang  of  the  triangle  GKC,  ■iinilar  lo  OCP,  in  which  the  augleo  and 
bypotenuae  CG  are  given  tfl  (ind  CK.ICO.  The  time  of  deacribing  KG  being  add^  to,  ot 
■ubtrocted  from  the  time  of  full  moon  at  the  place  of  observation,  according  ■•  tJH'  tHiinl  K 


.0  tlie  le_ft  or  right  uf  G,  will  give  Ihe  liine  of  tJie^middle  of  tlie  eclipae. 


CK,  10' 4I".7,  subtracted   from  the   radius  CD  or  CT— US' 52" .U,  will  leave  a  reinaindn 
equal  totheecliuw'd  part  TS  (=  KT),  52'  ll".2;  and  ihe  moon'a  diameter,  3:f  «l"/    ' 

F8,5a'ii".a  --  ■■'  '■■-■■ ■--  '■  ■■■  --•■■-  -■  •■"    ' — •-■-  "-  -  --■--■-- — 

■c  pruporljoii 


I ".2,  as  \'i  digit*  lo  the  digits  eclipsed,  lljj.    In  nuking  these  calculations, eo 
rljona]  Ic^aiiUiuiB  may  be  made  use  of 


PROBLEM  XI. 
To  prDjtct  an  tcUjin  of  Ike  sun  for  any  given  plnct. 

An  eclipse  of  the  aun  can  happen  only  nt  the  time  of  new  maon.  If  the  moon  a  longilad* 
nt  that  time  ia  nm  diKlani  from  either  node  of  tiie  maon'**  orbit  more  Uian  t71' ,  thtre  ma; 
be  an  eeliiwe.  To  find  whetlier  there  will  be  one,  and  to  calculate  the  tiiUBS  and  phaw^ 
proceed  by  the  following 

RULE. 

To  the  time  nf  the  new  moon,  given  in  Ihr  Nautical  Almanac  (ar  calculated  b;  Prob.  til.), 
add  the  longitude  of  llie  proposed  place,  turned  inlo  linie,  if  eaat ;  but  aublract  if  west ;  liw 
sum  or  ilitfrrt'nce  will  be  the  time  of  conjunction  at  Ihe  proposed  place.  C'>rreapunding  to 
th.-  time  of  new  tniKin  at  GrM-nwich,  find,  by  Problem  [..  the  moon's  latitnde,  horii.mlal 
Mrsllax,  and  if  in  i-d  in  metier ;  also  the  sun's  longitude,  aemi.diattieti'r,  and  di.clinatinn. 
Tlwii,  by  I'robU-ni  II.,  find  the  horary  inolion  of  the  moon  in  latitude,  and  the  horary  ino- 
tnn  of  the  moon  IVom  the  aun  in  longitude. 

Draw  Ihc  lim- ACB  (I'lale  .XlV.fig.lO),  repreaenting  the  ecliplic,  and,  perpt'ndieularlj 
thereto,  tlie  line  PCK.  Take  ■  scale  of  equal  paru  to  measure  the  line*  of  the  pnwction  : 
measure  from  it  an  interval  equal  to  the  moon'a  latitude,  and  apply  it  on  CK  fmiii  C  In  G ; 
oineci  the  lini'  ACK  if  Hie  moon'a  latiltide  i*  lUTlh,  btlaa  if  nnilA.I  Take  CU,  euiial  lo  lbs 
horary  motion  of  tlie  moan  from  tlie  sun  in  longitude,  and  set  it  on  the  line  CB,  to  Um 
nglit  hand  of  C  to  0 ;  take  f'l',  eousl  to  the  moon's  horary  motion  in  latitude,  tbund  by 
Problem  11,,  and  ael  It  on  the  line  CR,  from  C  to  P;  abatHl  the  line  ACB  if  ihe  sign  is  — , 
Maw  if +.    Join  OP,  wliicli  represent*  the  horary  motion  of  the  moon  from  the  *un  on  iha 

•  Stv  nil'  with  ihK  iiiarli  f  m  wir  472.     W  llw  ikIi|>»ii  IDU  an  ha)itxii  in  any  pvt  .if  Um  ank  an 
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relative  orbit,  uid  pnnllel  to  that  liri?  dnvr  the  relative  orbit  of  the  moon,  NGL,  on  whick 
'e  tn  bv  ourked  the  places  of  the  niooii  bdnrr  and  oAcr  thr  cuiij unction,  b^r  nimiiii  uJ'  Um 
"' '"  '  cliplic  conjunction,  at  lltf  |>rD 


on  the  line  of 

tuice  caireaponding  to  the  minutes  and  pKiU  oT  a  minute  of  the  time  of  new  inooD  at  Ibe 
place  of  observation,  and  setting  it  oo  the  line  GS  from  G  lowirds  the  right  hand  to  lite 
point  z'  the  place  of  the  moan  at  llie  first  whole  hour  preceding  the  conjunction  (which  in 
the  present  £guie  is  23h.)  Then  the  distance  OP  being  taken  in  the  compasses,  and  set  t'miu 
X  to  the  right  hand,  gives  successivelji  the  hours  preceding  the  new  moon,  and  the  sHjue 
distance  set  to  the  letl  gives  the  following  hours,  u  in  Ibe  &ure,  where  they  tre  niaiked  m 
succession  22h.,  2:ih.,24h.,  Ih.  These  hours  are  to  be  divided  into  60  equal  parts,  [cprn- 
•en^ng  minutes,  the  scale  being  token  suificiently  large  for  that  purpoae.l  lo  the  preieBI 
figure,  the  subdivisions  are  earned  onlj  to  five  muiula. 

From  the  moon 'a  horiiontal  parallax  subliacl  the  sun's,  8".e;  the  remainder  ia  lo  be  takeu 
from  the  scale  of  equal  porta  for  the  radius  CB,  with  which,  on  the  centre  C,  describe  the 
circle  BHA,  culling  CR  in  R.  Upen  the  sector  till  the  tninavenw  distonce  of  iH>°,  6(H,  on 
(he  hne  of  chords,  is  equal  to  the  radius  CB,  and  meosure  from  the  same  lines  Ihe  trans- 
verse  distonce  23°  2&  (equal  to  the  obliquity  of  the  ecliptic),  which  set  on  the  circle  ARB 
on  each  side  of  R  to  T  and  U.  Jain  TU,  cutting  CR  In  Q.  On  Q  as  it  centre,  with  the 
rodiuB  QT,  describe  the  circle  TVU,  on  which  set  off  the  arc  TV  equal  lo  the  sun's  longi- 
tude. Through  V  drow  the  line  VF'  parallel  to  CR  to  cut  TU  in  P',  llie  place  of  the  pole 
of  the  earth.  1  Draw  CP',  and  continue  it  on  eillier  side  so  as  lo  cut  the  circle  ARB  in  Uie 
point  W,  situated  atmt  AB  if  the  latitude  of  the  proposed  place  is  north,  bttva  if  seiifA.  la 
the  present  ligurs,  On  latitude  is  mirth.  If  il  had  been  aonth,  the  lower  port  of  the  circle 
ARB  ought  to  have  been  made  use  of.  Open  the  sector  ao  as  to  moke  tlie  tranaverae  dis- 
tance 6(N,  60^,  on  the  chords,  equal  to  CB,  and  measure  olT  Ihe  transversa  distance  equal  to 
the  chord  of  the  complement  of  the  latitude  of  the  place,  which  set  from  W  on  each  side  to 
D  and  4.  With  the  some  opening  of  the  sector  measure  the  chord  of  the  sun's  declination, 
and  set  it  on  the  same  circle  from  D  on  each  sidp  lo  E  and  F,  an*'  f""°  ^  ■>"  *"^^  ^■'■'  ^  * 
•nd/.  Draw  Ihe  dotted  lines  F/,  Dd,  E«,  cutting  CW  in  /,  a,  n.  Bisect  Jii  in  r,  and  erect 
the  line  VI  r  XVIll,  perpendicular  to  CW,  and  make  r  vl  and  r  XVIII,  each  equal  tn 
f  D.  Open  the  sector  lo  make  the  transverse  disUnce  »0^,  91P,  on  the  sines,  equal  to  a D 
and  measure  off  the  transverse  distance  corresponding  to  15",  30",  45^^,  tiO^,  75''  (or  1,!I,  3, 
4,  G  honrs),  which  set  on  each  side  of  the  point  r,  on  r  VI  and  r  XVIII,  to  the  poinu 
■narked  with  the  numbers  Xb",  3(P,  Ac.  Through  these  points  draw  the  lines  1  XI, 
II  X,  III  IX,  &ji.,  as  in  the  figure,  parallel  lo  CW.  Open  the  sector  so  as  lo  make  rn 
eqoal  to  the  transverw  distance  ot'.Kt\  90^,  on  the  sines,  and  meaaure  the  complements  of 
the  former  degrees  as  transverse  distances  on  the  sines,  vii.  75",  (jO°,  4S°,  30",  W,  and  ael 
them  on  the  above  Unea  I  XI,  II  X,  &c.  from  Ihe  poinU  of  intersection  with  the  lin» 
Vi  r  XVIll,  above  ond  below  that  line.  The  points  I,  11,  III,  &x.  obtained  in  this  man 
Dei.  will  represent  the  situation  of  the  spectator  at  the  proposed  place,  al  those  hours,  and  a 
tegular  curve  drawn  through  these  points  will  represent  his  path.  In  marking  tlie  hours,  il 
must  be  observed,  that  Ihe  place  of  noon  will  be  at  the  loacr  point  n,  if  the  sun's  declination 
IS  norlA  y  but  at  the  wptr  point  I,  if  the  declination  is  Moulh  :  the  houra  must  be  marked 
&om  noon  towards  the  Ufl  in  nninerical  succession  completely  round  the  curve,  ending  al 
24h.,  according  to  the  method  of  astronomers.    In  the  present  ngiue,  Ihe  declination  in  north 

*  See  ante  with  this  mark  |  tn  |«i>  *T>- 

1  The  seals  I  nneraliy  stake  use  cf.  Is  ons  Inch  lo  len  mlnuiei,  nducint  Ihe  seconds  lo  decimals  nf  s 
mhiuts.  Thus,E)p36S)ndectnB[*ls90f.8,whiclibyUiisKitlB  would  be  a.06lnclKi,  gbioinMl  br  plociDt  the 
■eeinisl  intnl  one  bgre  lo  Ihe  left. 

1  Thin  liiay  also  be  round  ss  Ibilcnvs  i— Alter  dnwini  TaU,  si  above,  open  the  sedor  (ill  Ihe  In.uverse 
dislanceMf.  9<r,onlhe  ilon,  li  eiiiisl  loQT;  Ihen  nieuum  IWim  Ihit  line  the  eiteni  or'  aialrauavcne 
douiic*  cormpondifiE  lo  Ihs  erne  at  Ihe  d  flkreni's  between  Ihe  lun'a  langilude  and  W  ur  OTD*.  K'Iieii  ihs 
isn't  lon|ilude  eiceeds  e  sirnu,  Um  poliiiV  iv  II  All  in  tbe  seuil-cirele  below  TU.  Thii  la  noi  dnirn  In  the 
Atiure,  fur  wniilor  rvoin.    When  Ibe  loii|[ilii4lii  eicseds  9,  4,  B,  Ilc.  iifiis,  il  will  be  caiiveiuenl  lu  iiiark  un 

ftuiii  □  Inn,  Ac,  and  Uien  laklni  from  Ibssri'inrlhs  chord  corresponding  lolhe  eiceis  of  ihe  iiven  iDngl. 
lude sbovelhslo^  Ibe  point  DjO,  Ac.  lumiedhuely  precedin|.    Thus,  tribe  aun>i  loniHuds  beSflV,  Il 

In  use  i>r  not  hsvinf  i  sector,  an  ore,  as  UT.  uiay  be  iiiaiked  i^  by  a  plsiH  sesk,  even  when  Ibe  radius 
CBdIIRTsflwii  that  of  Ihe  Kole,  br  ilniwin(.  by  Pmblem  VI.  orC«iiislrlcal  Frobleini,  Ihe  line  CT,  nnklns 
an  anile  with  OB  squal  to  tlm  pnipawd  btc,  33*  a^.  The  tniarseciioii  of  ihai  Una  wlib  the  circle  ARB  wlii 
(ive  lbs  souiht  point,  T.  In  s  ■Innlst  luinnet  the  noint  V  may  be  (bund  by  dnwlnfallne,  QV,  niakln|  the 
angle  TQV  equal  lo  the  propwd  arc,  TV.  The  pa:nls  ia°.  AT,  U*,  Ac,  un  the  line  VI  r  XVIII,  may  bs 
found  by  describing  on  that  hne  ua  dismeler,  and  on  r  asacenlre,  asainl-cinJe,  which  is  lobe  divided  Into 
19  «i|iisl  nsiti  or  l&*eacb.  The  dolled  Imn  dn«n  Ihroujh  lAeee  points  perpendicular  lo  tbe  diaiiieiar 
VI  r  XVIll,  will  cut  II  tn  Ibe  souihl  polnta,  IS*,  sr,  Ac,    Thli  circle  ii  not  drawn  In  the  propwed  diure, 

IP  V,  eo-IV,  ftt.  in  Ihe  poInu  1,  0,  ^'7' i.  Make  ih^  Hnee  IS-  1,  Sir  II,  «*  III,  *e.  rwpeciivWy 
sqaal  lo  T.V  I,  00*  3,  45'  3.  lie.,  and  the  soiiahl  pi'inu,  I,  II,  III,  Ac.  will  bs  ohlained.  This  iiielhod 
my  be  iwd  when  ibc  Imn  n  ii  too  imnll  u  br,  Uken  linn  Ihe  Hrloi.  The  esnis  nietlH<rt  <iisy  h>  nutdo  ust 
sf  In  pnterlini  an  occ'iltatlon,  by  diawinc  It  {l\f-  8.  PlaleXiy.)panwndteii]arlurC  and  equal  lon.asd 
|>lBJn(  rt  to  cut  Iba  dnUMi  lines  drawn  parallel  to  CF'in  the  paints  1 ,  U,  3,  Ac.  as  abovs. 
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uid  ttie  Yti\a  n  Uie  pivce  oT  noon  or  0  hoon.  If  it  hid  bMn  Motli,  the  point  1  «vHild  hava 
beEn  inarkFO  Oh.,  and  Ihe  poinu  marked  XI,  X,  Jic.  would  be  f,  U,  &£.  raafieetiTi-ly. 
TliP  pith  touches  the  circle  AHB  in  two  pointo,  repmenting  the  poi&ta  of  min  riaing  4nd 
jptliiig,  which,  in  Ibe  pment  fimre,  air  reipectiTely  IGh.  2lkn.  aad  7li.  Mm.  ThniK  po.nU 
divide  ine  path  into  two  put*,  of  which  one  ntpmenu  the  path  by  day,  tiw  other  by  Dislit, 
•>  u  evident  fram  theiiotm  marked  on  the  ruttc.  Half  hour*,  or  any  other  intermeiUatn 
~    ■,  for  Ibe  liuie  3h.  30ia.>=a^  S»,  Ht  th« 

..  .  _^    ..  __. ,  the  line  r  VI,  and  eiect  the  perpendii^dtv 

At  equal  to  the  aine  ol'S?}'^  (which  it  the  complement  oT  62i")  to  the  ndiua  rm,  and  tht 
point  i  will  be  the  place  of  the  etMctator  at  the  propoaed  time.  In  thii  way  the  halvr*  and 
quarter!  of  hour*  may  l«  marked  on  those  porta  or  the  path  where  necenary.  The  iinalle* 
■ulKliTitiona  may  aeaemlly  be  obtained  to  a  lutBcient  degree  of  accuracy  by  dividing  th» 

..  , ... .  itent  equal  to  the  Mini  of  the  ■emi-diuneten  oflba 

I,  uid,  beginning  near  N,  find,  by  trialB.  the  point  ^  of  the  D 


■un  and  moon,  and,  beginning  near  n,  nad,  by  tnals.  the  point  ^  or  the  moon  8  patli,  and 
.  the  point  Z'  of  the  paUi  of  the  ipectator,  marked  with  the  lame  time  and  at  that  distance 
""       ■■  .      .      .      .         ~  ..  jj.  ^^  ^jj^jj  p^n,,  pjj,  j^  fonod, 

I  the  aame  way  towards  the  point 
,  the  correipanding  tiuie  will  b* 
mnon'i  path,  and  the  point  Z  at 


apart.    That  time  will  be  the  beginning  of  the  eclipH.    If  no  <uch  pranta  can  be  fonod, 
there  will  be  no  eclipao  «l  the  propo«Hl  place.     Proceed  in  Ihi  *    -'  -  - 


L,  aod  lind  the  poinuy,  Z",  at  the  same  d 

the  end  of  the  eclipae.     Find,  by  triala,  the  point  p  of  the  n.  ^    ...     . 

the  pith  of  the  iifccutor,  marked  with  the  laine  tiniei  at  the  nearest  diatance  from  each 
other  (which  will  in  general  be  nearly  the  middle  time  between  the  beginning  and  end  of 

.L !■___,  .  .L_.  .- M.  L_  .t..  __:jj._  _r  .u .:___      o„  Z  as  a  centre,  with  a  radial 

unuriuc  UK  uiicie  wiiuso  diameter  ii  S«,  represeoting  the 
with  a  radius  equal  to  the  moon's  aeroi-diaineler,  describe 
,  representing  the  moon's  disc.  The  part  of  the  sun'i  dial 
that  is  cut  oir  by  this  circle  will  represent  tlie  part  of  the  snn  that  ia  eolipaed.  In  the  ei- 
vnple  of  figure  10,  the  centre,  p,  of  the  moon's  disc  is  so  near  that  of  the  sun,  Z,  that  the 
eclipae  is  nearly  central;  and,  as  the  moon's  semi-diameler  is  greater  than  the  sun's,  the 
enlipse  must  be  total.  Under  similar  circumalaiioes,  if  the  mooiTs  semi-diameler  had  been 
least,  the  eclipse  could  have  been  oam/iir.  In  case  of  a  partial  eelipoe,  the  son's  disc  will 
not  be  wholly  covered  by  the  moon,  ii  in  figure  II, Plate  XIV., where  the  circles  ivprraeM- 
ing  the  diKS  of  the  sun  and  moon  are  marked  urith  the  same  letters  as  in  figure  1(1,  but  the 


T  placed  in  a  dilfeient  srUiation.     In  thi*  Ctae.the  MUi^erof  digita  echpaed  may  be 
"       "^  >ugh  theoentrea  p,  Z,  to  meet  the  disc*  in  the  poinU  8.  M, 
itanoe  S*  (lepreaenling  the  i      ~  ~ 

,  . .     ...e  19  digit*  to  the  norober  of  digit*  eclipsed      _., , 

total  darkness  in  a  totd  eelipse  ue  found  like  the  beginning  and  and  of  the  eclipw,  except 


I  by  drawing  a  line  through  the  oentre*  p,  Z,  to  meet  the  disc*  in  the  point*  8.  M, 
d  by  laying,  A*  the  dittanoe  S*  (lepreaenling  the  whole  dim)  ia  to  the  obscured 
(.  so  aie  13  digit*  to  the  nnrobar  of  digit*  eclipeed,  "The  beginning  and  end  of 
ltd  eelipse  ue  found  like  the  beginning  and  and  of  the  eclipw,  except 
„  impasse*  the  diBeienoe  between  the  seroi-diameteta  of  the  son   and 

moon,  instead  of  their  nun.  Tor  the  poinls  of  the  path  of  the  apeetator  and  of  the  momi's 
orbit,  muked  with  the  saiiie  time,  and  at  that  diatance  &om  each  other,  will  represent  the 
Mtuationa  and  times  of  the  begiDniog  and  end  of  total  dukness.  The  beginning  and  end  of 
the  internal  oonUcIs  of  an  anuulu  eclipae  are  found  in  the  same  manner ;  the  only  difri- 
enca  i*  that,  in  a  total  eclipse,  the  moon  *  *eiiu-diameter  i*  greateat,  but  in  an  aDnalarocLp*e 
the  leaat. 

In  obaerving  the  beginning  ofa  solu  eclipae,  it  is  of  some  importance  for  the  leooracy  of 
the  absrrvation,  to  know  on  what  part  of  the  aun'*  limb  the  eclipae  will  begin.  Thi*  I* 
easily  found  by  means  of  the  projeotion.  Thus  at  the  beginning  of  the  eclipse,  which  cor- 
responds to  the  point  p*  of  the  moon's  path,  and  the  point  Z'  of  the  path  ui*  the  apeetator, 
tile  first  point  of  contact  g  may  be  obtained  by  drawing  about  the  centre  p',  with  a  radiui 
equal  to  the  moon'*  *emi-diaineler,  a  circle  repreaantjng  the  moon's  disc;*  about  Z' a*  i 
centie,  with  a  radiui  equal  to  the  sun's  semi-diameter,  another  circle  representing  the  sun'i 
disc,  touching  the  former  in  the  point  g.  Draw  the  line  CZ',  meeting  the  sun's  disc  in  the 
point*  a,  c,  the  point  c  being  the  moat  distant  from  the  centre  C.  Then  tlie  circle  ^  a  c,  be- 
ing iield  between  the  eye  of  the  observer  and  the  snn.  the  engraved  oi  muked  aide  of  tiie 
figure  towanls  the  eye,  and  the  line  c  a  in  a  vertical  directiiHi  with  the  point  1 1 

will  repieient  the  ipyiearance  of  the  *un  a*  viewed  by  the  naked  eye  at  that  ti.... ,  _  

represent  the  upper  part  of  tlie  sun,  a  the  lower,  and  g  the  point  of  contact      If  the  eclijae 
Oe  observed  with  an  inverting  telescope,  tiie  contnrv  will  be  observed ;  that  is,  the  part  ■ 
>int  of  contact,  will  appear  to  the   left  hand 
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EXAMPLE. 

Required  the  timn  and  phiBra  or  the  loul  eclip«  at  the  nin,  June  16, 180n,  b1  B- 
the  InUtude  of  43-  3a'  3U"  ti.,  snd  the  longitode  cir4h.  43m.  23a.  Wrrt  from  Ureenwi 

Bj  the  Niutical  Almannc,  the  time  of  iw<r 
moon  at  Greenwich  WM  June  lUd.  4h.  liftn., 
eomipondina  to  June  IH,  '£ih.  35ni.  38ii.,  at 
Salem.  At  Q\t  lime  at  Groenwich,  4h.  Idm. 
the  elements  of  the  ecJine  were,  at  in  the 
adjoined  (able,  calcolated  bj  the  abore  nile. 

Draw  ACB(PI>leXIV.  fig.  ID},and  per^ 

Endicular  thereto  the  line  COH.  Hak? 
G  equ&l  to  the  mooo'i  latitade,  19'  37"  N., 
taken  from  a  scale  of  equaJ  puts,  the  point 
G  beiiur  idKiTC  C  becauae  the  Intitude  is 
nnrth,  Mnlte  CO  equal  to  the  maon's  hnrary 
rootion  from  the  lan,  34' ID". I,  to  the  right 
hand  of  thp  point  C ;  and  CP  equal  to  tlie 
moon 'a  liorarj  motion  in  tititude  ~|-  3'  39*'  5, 
the  point  P  being  below  C  because  this  hora- 
TT  motion  has  Die  sign  -4-  prefiied.  Draw 
NOL  parallel  to  OP.  Make  OP  a  tranaferwi 
distance  of  IM),  60,  on  the  line  of  lines  oT  the 
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transvenw  distance  35^,  Xii  (corresponding  nearlj  to  the  minatea  in  the  time  of  new  moon) 
this  distance,  set  on  the  tine  GN  to  the  righl  of  G,  reaehea  the  point  z,  where  the  honr  pre 
ceding  the  new  moon  ii  to  be  marked,  vii.  Sth.  Take  OP  m  the  compaasei,  and  mark  it  sue 
cessivelyonthelineNLrromi,  or33h.,to  the  right  to  iSh.,  and  to  the  Un  tn  34h.  oi  Oh., 
Ih..  ike.  These  am  subdirided  into  five  minutes,  the  scale  not  admitting  amaller  divisioiia. 
Take  the  moon's  reduced  horiiontal  parallax,  liO'  IT". I,  from  the  scale  of  equal  parts,  and 
with  that  radius  describe  about  the  centre  C  the  circle  ARB.  Set  off  (by  means  of  th^ 
sector)  the  aics  RT,  RU,  each  equal  to  33"  US'.  Join  TQU,  and  about  that  diamete- 
describe  the  cirele  TYU.  Make  the  arc  TV  equal  to  the  sun 'a  longitude,  84'^  44' 36' 
which  is  done  bj  setting  the  radius  QT  as  a  chord  from  T  to  n,  and  then  the  arc  nv» 
340  44F  3e"  by  means  of  the  sector,  Dimw  P'V  paranel  to  CR,  to  meet  TU  in  the  point  P 
Join  CP',  and  continue  it  to  meet  the  circle  ARB  in  W.  Make  (by  the  sector)  ibe  am 
Wl>.  Wd,  Mual  to  the  complement  of  the  latitude  of  the  place,  47"  »)i'  nearly,  the  tadipt 
b«in)[  UB.  In  a  similar  manner  make  the  arcs  DF,  DE,  df,  dt,  Ac.,  each  equal  to  the 
■tin's  declination  83^  2tf.  Draw  the  Unes  FIf,  Dad,  Em,  catting  CW  in  ',  a,  n.  Bisect  bt 
in  r.  Dmw  the  line  VI  r  XVUI  parallel  to  Did,  and  make  r  VI,  r  XVUV,  each  equal  to 
fD.  ThroDgh  the  points  I,  VI,  a,  XVIlt,  I,  draw  the  ^ath  of  the  spedlator  as  taught  in  the 
atioTe  rule,  and  man  the  hour  of  noon,  Oh,,  at  (he  pomt  h  because  the  sun's  decnnntion  is 
north.  Mark  the  following  hours  in  succession  to  the  led,  I,  II,  III,  Ac,,  as  in  the  figure. 
Take  an  extent  in  the  compasses  eooil  to  the  sum  of  the  Bemi-diamelers  of  tlie  sun  and 
moon,  3?  14''J1,  and,  beginning  towards  N,  find,  as  above  directed,  the  points  p'Z'  at  that 
distance  apart  and  marked  with  the  same  time,  ^h.  7m.  nearly,  which  is  the  time  of  the  be- 
ginning of  the  eclipse.  Proceed  in  the  same  way  for  the  end  of  the  eclipse  corresponding 
to  the  pointsji",  Z  ',  and  to  the  time  Oh.  5,Sm.,  which  is  the  time  of  the  end  of  the  eclipse, 

mi-diameters  of  the  sun  and  moon.  43".  in  the  comoasses.  and 

find  the  beginning  a 


J  darkne 


I,  33h.  'J7m. 


Take  I) 
ptnneed  1 

ftaaim  „  „     , 

to  V  and  Z,  and  the  scale  small.  Find,  by  trials,  Che  points  p,  Z,  marked 
and  at  the  least  distance  apart:  this  will  be  the  time  of  the  middle  of  the  fclipse,  23h,  'ithn, 
Wilh  an  Client  eoual  to  the  moon's  semi-diameter,  I(V  Stj",l,  as  a  radius,  liescribe  aboulp 
the  circle  whose  dianfeter  i>  Mm  representing  the  moon's  di)c ;  and  with  the  sun's  semi- 
diaioeler,  JS'  i&  .1,  describe  abont  Z  the  circle  whowt  diameter  is  St,  representing  the  sun's 
disc  Bt'the  middle  of  the  eclipse.  The  sun's  disc  being  wholly  covered  by  the  moon,  in- 
dicates that  the  eclipse  waitotaj.  Describe,  in  the  same  way,  about  jr'  and  Z'  the  discs  of  the 
■nn  and  moon,  at  tlie  beginning  of  tlie  eclipse,  touching  each  other  in  g.  Draw  CZ',  cuir 
ting  (he  moon's  disc  in  c  and  a.  Then  the  arc  eg  will  be  the  distance  of  the  first  point  of 
contact  of  the  sun  and  moon  from  the  sun's  lenith  towards  the  western  part  of  the  hmb. 

REMARKS. 

1.  The  correction  for  the  ^beroldal  form  of  the  earth,  the  angmentatioD  of  the  moon's 
■emi-diameler,  inSeiion  and  irradiation,  are  neglected  in  the  atuve  rule,  as  not  sensibly 
■fluting  the  remit  of  the  projection,  though  these  points  might  be  attended  to  by  the  follow* 
titg  precepts, 

9.  Fnnn  the  latitude  of  the  pUee  snblract  the  coneetion  of  latitude  of  Table  XXXVIII , 
and  flt>m  tbe  moon's  horiionlal  parallax,  decreased  by  B",6,  subtract  the  correction  of  paral 
laz  in  the  same  table  ;  the  remainders  will  be  the  corrected  latitude  and  panllal  to  b«  :dmU 
■■a  of  in  tlie  above  rule  to  correct  for  the  sphermdal  form  oTthe  eallh. 


jv  Google 
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J.   Dn^n^BW  the  monn's  aemi-ilinnieter  pr«n  b;  the  Naatical  AlnwiiM  b;'  9"  fin  InOexion, 
■fit  be  thiiiiglit  nceeaaatj. 

4.  Ut^cn-sne  thr  nun's  semi-dtunetei  3^"  for  irradiation,  uitt  fVoin  the  remainder  subtract 

a  cidrection  eijual  lu  the  ausiiientatinn  (Table  XV.)  tlial  the  inoon'd  sr  mi -diameter  would 
bare  when  nl  the  same  altitufle  a>  the  lun  ;  the  remainder  will  be  tlie  corrected  aenii-diaine- 
tur  of  tliF  nun,  V>  be  used  in  the  above  rule  in  finding;  all  the  times  ind  phuea  ar  the  eclipn. 
This  m^lliod  of  decreasing  the  lun'a  lemi-diameler  produces  nearly  the  nine  renult  as  that 
by  sUBinentiniF  the  moon  a  semi-diameter,  horary  motion,  and  boriiontol  panillai,  and  takiof 

5.  BMsides  these  corrections,  there  are  other 
iiiiantil  pinllax.  and  horary  m 
lly  nesiccted  in  i 
le  of  3,e  sun,  wi 

eclipse,  may  eaail;  be  found  by  n 

I ; —  of  the  eclipse,  wben  I'- 

IP  distance  90",  9(F.  V 
the  same  manner  lo  those  lini 
respontling  to  the  altitude  51)".     The 

is  H",  whicJi  is  nearly  the  correction  . .       . .     _ 

(corrected  for  irradiation),  to  obtain  the  corrected  semi-diameter,  15'  !£J".G,  *■  taught  in  ^. 
Table  XV.  was  calculated  for  the  mian  semi -diameter,  16'  37",  and  the  correction  of  Urn 
Table.  14",  ought  tu  be  increased  in  ratio  of  the  sans  semi-diameter,  )5'  46".l,  to  15'  37", 
when  very  great  accuracy  is  required.  The  difference  of  the  corrected  senii-diameten  of 
the  sun  and  moon,  16' 3H" .6  and  l(i' -ilj",],  is  57^",  which  is  to  be  used  instead  of  4S"  in  find- 
ing tlie  beginning  and  end  of  total  darkness.  The  duration  of  the  total  darknesi  found  by 
the  corrected  value  57j",4S  4}  miniitea,  but  with  the  uncorrected  value  42",  ii  only  ^ 
minutes.  It  whs  probably  owinz  tu  llie  neglect  of  this  correction  that  some  of  the  Almanacs 
piibliiihed  in  this  country,  for  idoli,  meiilinni'il  the  duration  as  3  minutes. 
7.   The  path  of  the  spectator,  I,  11,  III,  IV,  &c.,  calculated  for  the  propowd  latitude 


42"-'  SV  aO",  may  be  made  to  answer  ibr  any  other  latitude  by  altering  the  centre  of  projection 
and  tile  scale  of  equal  parts.     By  this  means  the  trouble  of  repeatedly  desciibins  II"'  —'*- 
n  the  eclipse  is  to  be  calculated  for  several  places,  may  be  avoided.     To  do 


the  prop.  log.  of  tJie  reduced  parallax  to  the  Ing.  aecsnt  of  the  latitude  of  the  place;  the  sum, 
rejecting  111  in  the  index,  will  be  the  prop.  Tog.  at  an  arc  A.  To  this  prop.  log.  add  tbe 
log.  secant  of  the  aun'i  declination  (oi  star's  in  an  occultation),  and  tbe  lor.  cotangent  of  tbe 
latitude  of  the  phice  -,  the  sum,  rejecting  SO  in  the  index,  will  be  the  prop.  log.  of  tbe  oic  B. 
Take  the  radius  r  VI  (or  f  U),  in  llie  compasses,  and  make  it  a  transvem  distance  on  the 
line  of  lines  of  the  aectnr  Ronesponding  to  the  arc  A,  and  with  tliat  opeoiDif  of  the  vctor 
measure  the  transverse  distance  corresponding  to  the  arc  B,  which,  set  from  r  towards  C  on 
the  line  rC  {continued  if  necessary),  will  reach  lo  the  centre  of  the  proiection  corresponding 
to  ttie  proposed  latitude ;  the  transverse  distance  corresponding  to  the  reduced  pamllair, 
measured  from  the  line  of  lines  with  the  same  opening,  will  be  iTie  radius  of  tlie  projection, 
and  Uie  transverse  distance  corresponding  to  the  horary  motion  of  the  moon  ftoin  the  sun  or 
star,  in  an  occultation,  will  be  the  horary  distance  to  be  made  use  of  in  marking  tlw  hours  oo 
tJie  lunar  orbit  LN  ;  lastly,  the  ia^lude  of  the  moon  at  the  conjunction  is  lo  be  meanired  si 
a  transverse  distance,  and  set  from  the  new  centre  of  projection  on  a  tine  drawn  through  it 
parallel  to  CR,  and  the  point  where  it  reaches  will  be  the  new  point  G,  corresponding  to  the 
place  of  the  moon  at  the  ecliptic  conjunction.  Through  this  point  the  line  of  tlie  moon's 
piith  is  tn  be  drawn  parallel  to  the  line  LN  of  the  figure,  and  the  hours  are  to  be  marked  on 
It  as  before.  Wln-nce  the  times  of  beginning  and  end  of  the  eclipse  may  be  Ibund  as  in 
the  above  rule.  An  example  of  this  method  is  not  given,  bb  it  would  render  the  sclicnie  In* 
confused. 

PROBLEM  XII. 

To  project  an  oceuliatiort  of  a  fi:ad  star  bg  the  moon,  al  ani/  given  plaet. 


RULE. 
To  the  lime  of  the  ecliptic  conjunction  of  the  moon  and  stai,  computed  from  the  Nautical 
Almanac  by  Problem  III.,  add  the  longitude  of  the  proposed  place  turned  into  lime,  if  eoatj 
jQl  subtract  if  west ;  the  sum  or  difierence  will  be  the  time  of  conjunction  at  the  pniposed 
^ace.  Corresponding  to  tiie  time  of  conjunction  at  Greenwich,  find,  hj  Problem  1.,  the 
mimn's  latitude,  hon ion tnl  parallax,  and  semi-diameter:  also  the  sun's  right  asoension. 
Tlien,  by  Problem  II.,  find  the  horary  motion  of  the  moon  in  longitude  and  latitude,  and  hy 
Tables  VIII.  and  XXXVII.,  the  slarV  right  ascension,  declination,  longitude  and  Utitnde* 

•  In  UrictuPM,  Ihew!  qiisnlil^H  oiifhl  to  M  comcled  r<ir  Diernit'on  anil  niilaltnn,  tiv  Tatilso  XXXIX. 
SI,lfl.,hiiltb<irorTi'i-l-nnii-ii">n>a11Ihatlt  iiisyalwayi'  tie  neileeted.    If  Ihc  iii^t  iwcentHin  nnd  dsclw 


I  snit  InniiliulB  mar  ^  Oxind  by  Prodleni  XIX.,  uid  If  lln 
PTDlilrinJfX.    It  will  be  fiHind  uhM  omvanirsi  u>  use  ihr  nsbi  u 
u  in  Ihs  Naiillal  Aliiianoci  wlwn  maj  etaf  osrs  —vtr*  In  it  an  n 
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Dnvr  the  line  ACB  (Plate  XIT.  Rr.  B),  icpnaentmir  ■  punllel  of  the  ecUpO  pusin^ 
through  the  iilar,  tm*  prrprndiculsr  tfieretp  the  line  CPR.  Tike  »  «c«!e  of  pquil  parts  U: 
mcMure  the  lines  of  projection,  and  from  it  take  an  iateival  equsl  to  the  differenue  of  the 
latitudiBoftlieiiiuoiiand  it&r,  and  apply  it  to  the  line  CR  from  C  to  G,  abate  the  ]me  ACU 
if  the  moona  lalitiide  is  north  of  the  stitr'i,  otherM  iie  bdmo.'  Take  CO  equal  to  Che  hnraif 
motion  of  the  moon  in  longitude,  and  Kt  it  on  the  line  CB  to  the  right  hand  of  C  to  O  j 
lake  CP  equal  to  the  iQonn'a  borury  motion  in  latitude,  found  with  its  lign  by  Piublem  II.. 
and  set  it  on  the  line  CR  from  C  to  P,  ainne  t  the  Uoe  ACB  if  ita  aign  ia  — ,  b>latT  if  + 
Join  OF,  which  lepnaenta  the  horary  motion  of  the  moon  in  her  orbit,  and  parallel  to  thiat 
line  draw  the  orbit  of  the  moon,  NGL,  on  which  are  to  be  marked  the  places  of  the  moon 
b-fore  and  afli-'r  the  coDJunction  by  mean*  of  the  horary  motion  OP,  ao  that  the  mmncnt  of 
the  ecliptic  conjunction  at  the  proposed  place  may  fall  exactlr  at  the  point  G,  an  in  tlie 
figure  vrhere  the  conjunction  is  at  18h.  43m.  This  ma;  be  dune  by  making  OP  equal  to  the 
tnnsverae  diatance  GO,  60,  on  the  Lne  of  lines  of  the  sector,  then  measuring  from  the  same 
Unci  tlie  transrerae  diatance  conenKmding  to  the  niinules  and  parts  of  a  minute  in  the  time 
of  the  ecliptic  conjunction  at  the  place  of  obserTation,  and  aettinj  it  on  the  line  GN  from  G 
towards  the  right  to  the  point  x,  the  place  of  the  moon  at  the  Srst  whole  hour  I  preceding 
tlie  conjunction  (which  in  the  present  finire  is  I6ti.]  Then  the  diHtance  OP,  beini;  taken  in 
tlie  compasses,  and  set  from  z  to  the  right  hand,  gives  succesaively  the  preceding  houra,  and 
the  same  distance  set  to  the  leflgiTos  fte  following  hoora,  as  in  the  figure,  where  they  are 
marked  17h.,  Itjh.,  I^h.,  SOh.  TheiehonnarB  to  be  divided  into  HO  equal  parts  re preaenling 
minulea,  the  scale  being  taken  sufGcientl;  large  for  that  parpose.^  In  the  present  figure 
'the  snbdiTiaions  are  earned  only  to  fiTe  minutes.  Take  the  moon's  horiiontal  parallm  Frnm 
«he  scale  of  equal  parts  for  the  radius  CB,  with  which,  on  the  centre  C,  deaoribe  the  circle 
BRA,  cutting  CR  m  R.  Open  the  sector  till  the  tranaTerse  distance  60°,  60°,  on  the  line  of 
Ihords  ia  equal  lo  the  radina  CB,  and  measurs  from  that  line  the  transverse  diatance  Xt"  2& 
[equal  to  the  obliquity  c^the  ecliptic),  which  set  on  the  circle  ARB,  on  each  aide  of  R  to  T 
tnit  U.  Join  TU  cutting  CR  in  Q.  On  Q  aa  s  centre,  with  the  radius  QT,  deacribe  a 
^rcle,  TYUV,  on  which  set  off  the  are  TTV,  equal  to  the  dtar's  longitude.  Through  V 
Jnw  the  line  VP'  parallel  to  CR.  Open  the  sector  till  the  transverse  distance  9<F,  »a»,  on 
Uie  ainea,  is  eoaal  to  the  radius  CB;  then  take  in  the  compasaea  trom  the  same  linea  an  ex- 
tent equal  to  the  transverse  distance  corresponding  to  the  complement  of  the  declination  of 
the  star,  and  with  one  foot  in  C  sweep  a  small  arc  to  cut  the  line  VP'  in  P',  the  place  of 
the  pole  ofUie  earth. |{  Draw  CP',  and  continue  it  on  ritber  side  so  as  to  cut  the  circle  ARB 
In  the  point  W,  situated  about  AB,  if  the  latitude  of  the  proposed  place  ia  norlh,  but  below 
if  south.  In  the  DtopOBed  figure  the  latitude  is  north.  (If  it  had  been  aoulh,  the  lower  part 
of  the  circle  ARB  ought  to  have  been  made  use  of.)  Open  the  sector  as  befnre,  ao  aa  to 
make  the  transverse  distance  of  &P,  GO",  on  the  chords,  equal  to'  CB,  and  take  the  chord 
of  the  complement  of  the  latitude  of  the  place,  which  set  from  W  on  each  side  b>  D  and  d. 
With  the  same  opening  of  the  sector  measure  the  chord  of  the  star's  declination,  which  lel 
on  the  circle  ARB  from  the  point  D  on  each  aide,  to  E  and  F,  and  from  d  on  each  side  to  e 
•nd/.  Draw  the  dotted  lines  Ff,  Dd,  Ee,  cutting  CW  in  I,  q,  n.  Bisect  I  n  in  r,  and  erect 
tbe  line  Iru  perpendicular  to  CW,  and  make  ti,tu,  each  equal  to  fD.  Open  the  sector  to 
make  the  Iranaverae  distance  W,  9<P,  on  the  sines  equal  to  r(,  and  on  each  aide  of  r  mark 
on  the  tine  f  r  u  the  aines  of  15°,  30°,  45'',  G0°,  75°  (eqnal  to  1  h.,  Sh  ,  3k.,  4h.,  5h.,  respective- 
ly) to  that  radius,  and  mark  tlie  pointa  with  those  desrees  as  in  the  figure  ;  through  these 
points  draw  the  dotted  linea  paraJlel  to  fn  as  in  the  figure.  Open  tbe  sector  so  that  the 
.•adiu"  I"  /  may  correspond  to  the  transverse  distance  !MI^,  IKF,  on  the  sines,  and  measure  the 
complemenls  of  Uie  former  degrees  aa  transverse  distances  on  the  sinea,  via.  75",  60",  45°, 
30".  15",  and  set  them  on  the  above  dotted  lines,  on  each  side  of  the  points  15°,  RO",  &c., 
lenpectively,  above  and  below  the  line  1  m.  A  regulnr  curve,  ntlun,  drawn  through  the 
extremities  of  these  dotted  lines,  will  represent  the  path  of  the  spectator  in  the  given  lati- 
tude. Subtract  the  sun  a  right  f«ension  from  the  star's  (Increajiing  the  latUT  by  24  hours 
cessary) ;  the  remainder  will  be  the  hour  of  the  star's  pawing  the  meridian,11  whici 


b  to  be  marked  at  the  upper  point  I  of  the  path  if  the  star's  declination  is  south,  but  at  the 
lo«:er  point  n  if  the  declination  is  north.  The  other  hours  are  to  be  marked  from  thJa  point 
Inwards  the  left,  hy  marking  ancceaaively,  at  the  points  where  the  dotted  lines  meet  the 
path,  the  hour  of  the  star's  passing  the  meridian,  increased  bj  Ih.,  3h.,  3h.,  Ac,  completely 
ronnd  the  curve,  observing  to  reject  24  huura  when  the  sum  eiceeda  S4h.  In  the  present 
example,  the  star's  declination  is  south  )  consequently  the  upper  point  /  of  the  path  is  taken 
for  the  hour  of  passing  the  meridian,  V.'h.  54m. ;  the  eitrenntica  of  the  dotted  lines  to  the 
left  being  marked  succesaively  30h.  54m.,  2th.  54m.,  SSh.  54m.,  U3h.  &4m..  Oh.  54m.,  As. 


•  la  Uis  Apin  Ihs  pn  III  G   l>  |>lace4  above  ACB,  ■• 

stR-    Tb»  part  ortlicnilEuiavil»  Lie  ihixaiproiwli 
Ism  II.     Pnllilhss:pi  +  K.lh<>alar'*  latiliKls  If  nun 

1— Find  tlH  moon'!  lalHuda  with  lis  (ign  m  In  Pnb- 

•1,  I|H>  ilfu  —  ir  HHilh.    Add  the  Istiiudes,  notirtns 

ZSSS.VS^iAZ.'iT""  •" " ' 

Uai»d.    Ifllaalin  ia-,tbspain[aiaH>liejiU«i 

r  ■«  mu  wHh  tlH  iMrti  •  m  isv*  4TS. 

j  Bee  nma  wiih  the  i.iam  t  ie  pam  m. 

iss.-rj-rKW"v'K:.*E,,,.c,.,.. 

•lluatinn  nf  lbs  poinl  P,  and  the  path  of  the  speciaus. 

MV  he  lioiiid  a>  m  lli<-  nolc  |  |>nin  4TIi. 
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riia  luith  tonnhii  the  cimle  ARB  ir.  .    .  ^  .    _,     ,  , 

iiTlbe  bUi.  wluch,  ia  tbe  preaunl  figure, on  I4h.  Uiii.,  and  ill.  JUin.  Tbtiw  poiotii  diviiii:  lilt 
pMh  into  Iwo  parti,  of  wbich  one  rppreaenls  th«  path  while  tbe  Btu  is  atnis  the  borixun, 
the  other  when  below,  ■*  is  erident  fmm  the  houn  nurketl  on  the  cuttc.  Tbe  half  iuHin, 
or  any  other  iatermeilute  time,  inay  be  miiked  in  a  aimiUr  manner.  Tbiu,  for  tbe  time 
Ih.  !Um.,  whicb  ib  31i.  SOm.,  or  6tj°  30',  from  the  time  7h.  Mm.,  marked  at  the  point  n,  «t 
the  line  of  5^°  to  the  radiiu  r  C  from  r  to  A  on  the  line  rt,  and  erect  the  perpeadicuJar  ii, 
ecfual  lo  the  sine  ofSTi'^  {which  it  tbe  complemenl  of  524"J,tolhe  radiui  nt,  and  the  paint  i 
will  repnsenl  the  place  of  the  nieoliitor  at  the  proponed  time.  In  thi*  wa;  the  halves  and 
qturten  of  houn  may  be  marked  on  thoae  parts  of  the  path  where  neaeaaarr-  The  amaller 
4ubdlviaiona  may  generally  be  obtained  to  a  iufficient  degree  of  euctneaa  aj  dividing  the 
If Qartera  of  bourp  into  e(|uu  parta. 

,  Take  from  the  scale  of  equal  parts  an  extent  equal  lo  the  semi-dianieter  of  the  moon,  and_ 
be{[inn>ng  at  the  line  NL,  tnwardi  N,  find,  bv  trials,  the  point  ^  of  the  moon's  path,  aud  the 
point  Z'  of  the  path  of  the  spectator,  marked  wilh  the  lame  timn  and  at  that  distance  apart. 
That  time  will  be  iJie  beginning  of  the  occoltatioQ  or  immenion  i^lhe  proposed  place.  Vro- 
ceed  in  the  nme  way  towarda  the  point  L,  and  lind  the  points  p,  Z,  at  the  same  distance 
apart ;  the  corresponding  lime  will  be  the  end  of  the  occullalion  or  emertion.  About  the 
point!  p',  p,  ai  centres,  with  a  radios  equal  to  tbe  moon's  semi-diameter,  describe  the  small 
circle*  meeting  the  path*  of  the  apeclator  in  the  point!  Z',  Z.  These  circles  will  repieaent 
the  moan'*  disc ;  the  poinla  Z',  Z,  the  placea  of  the  star,  and  the  line  CZ',  CZ,  the  vertical 
eirolee  paaiing  throogn  the  star  at  the  timet  of  immenrion  and  emeraion  re»pectiTCly.  To 
lender  thia  part  of  the  scheme  more  distinct  to  the  eye,  it  ie  drawn  separately  in  figure  U, 
PlaleXiV.,ln  which  the  point*  C,  p',Z',  are  aimilarl;  aittiated  la  tha  corresponding  points 
if  figure  8,  mariii-d  with  the  name  letters.  Tlirough  p' draw  the  lineo'p'e'  parallel  to  CZ , 
to  meet  the  moon  s  disc  in  u',  if.  Then  the  circle  a'  Z'c',  being  held  between  the  eye  of  the 
observer  and  the  aun,  the  engraved  or  marked  aide  of  the  figure  towaida  the  eye,  and  the 
line  CZ'  (or  n'  p'  c")  in  a  vertical  position  with  the  point  Z  aboie  C,  will  represent  tbe  aji- 
pearance  of  the  moon  and  itar  aa  viewed  by  the  naked  eye ;  d  will  represent  the  upper  part 
of  the  moon,  a'  the  lower  part,  and  Z'  the  point  nS  contact.  The  contrary  will  be  ohaerved 
if  tlie  object  be  viewed  hy  an  inverting  leleacope.  It  will  {|eneially  be  conducive  to  tits 
acearacy  of  an  observation,  to  estimate  in  this  manner  the  point  of  emeision,  so  as  to  keep 
that  point  of  the  moon's  limb  in  the  field  of  view  of  the  telescope,  and  the  eye  directed  to- 
wards that  point  or  the  lioib,  >o  as  to  perceive  the  star  at  the  firat  instant  of  its  appearance 
The  BitusUoD  of  the  point  of  emersion  with  respect  to  the  horns  q,  $,  of  the  moon  may  also 
De  made  use  of  for  this  purpose.  The  line  pp9,  oonnecbng  the  n>oon's  horns,  is  nearlv 
parallel  to  the  line  CR,  except  very  near  the  new  or  full  moon  ;  so  that  in  general  it  will 
be  sufficiently  correct  to  draw  through  p  the  line  i/p9  parallel  to  CR.  If  greater  accuracy 
is  required,  tne  following  eonatruction  may  be  made  use  of.  Sublnct  the  sun's  longitude 
from  tbe  moon's,!  make  the  arc  TYU)>  equal  to  tliB^ remainder,  and  join  QA.  Set  on  tbe 
same  circle  the  arc  Ti  equal  to  the  moon's  latitude ;  btluu  thepoiat  T  if  that  latitude  is 
toalk,  n/wH  if  norlh.  Through  4  draw  the  line  «i  t  paralfel  to  TlJ  to  out  QA  in  (  and  CR 
in  S.  Take  the  extent  QT  and  set  it  on  the  line  tY  above  J  to  fi.  Jdn  ^  i,  and  parallel 
thereto  Ihrougli  p  draw  llie  line  opS  cutting  the  moon's  disc  In  the  points  fS  representing 
the  horn*,  Ijie  figure  bring  viewed  aa  above  directed.  The  enlightened  part  of  tbe  moiBl  a 
that  nearest  to  the  nun  ;  tbe  dark  part  is  the  most  distant  from  il. 

EXAMPLE. 
Required  the  times  of  immersion  and  emersion  of  Spica,  December  13,  1808,  at  a  (Jace  in 
the  latitude  ofTD"  N.,  and  in  the  longitude  of  Ih.  9m.  east  fVom  Qieenwich. 
"-  the  first  page  of  the  riAutiwI 

of  tbe  ccllpitiB  ELEHEMTB. 


Almanac  for  the 
ber,  mm,  the 

(marked  P  a  11^)  was  December  19, 


n  and  9f,ici 


place.  This 
puted  by  means  of  the  longitudes 
of  the  objects,  as  in  Problem  lU, 
of  tl.ia  Appendix.  At  the  time  at 
Oreenwich,  I7h.  33m.,  the  elementa 
of  the  occultation  were,  as  in  the 
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htilndes  of  tne  rkwd  uid  itu,  11!'  90",  Uken  from  ■  icale  of  emial  puta,  the  piint  (i  bein; 
■bore  C,  beciiue  ti.t  moon  it  nurlhward  of  the  iter.  Make  CO  ei|ual  Lo  tlie  iiioon's  iiottij 
motion  in  loniritucli^,  'J^  l&'it,  to  the  right  of  C;  and  CPrqaal  to  Uie  horary  motion  in  lati- 
tude, —  3>  V.I,  the  point  P  being  above  C  becaiur  [he  ligti  ii  —  (or  Ihe  Intitude  ii  aoutJi 
decreuing).  Draw  NGL  parallel  to  OP.  Hake  OP  ■  trancTene  distance  of  CO,  (W,  on  the 
line  of  iiiiei  of  the  sector,  and  meanua  ftom  the  nune  line*  the  tranavern  dittance  4^,  42 

gorresponding  to  the  niinutei  in  the  Ume  of  the  conjunctioo) ;  (hta  diatancv  set  on  the  lioo 
H,  fruiQ  G  [owiirda  the  right  hand,  reachei  to  the  point  i  of  the  path  where  tLe  hour  prece- 
ding llie  ooDJunctioD  ii  to  lie  marked,  rii.  mh.  Take  OP  in  the  compaaaea,  and  mark  It  on 
the  line  LN,  fiDin  x,  or  ISh.,  to  tlie  right  to  ITh.,  and  to  the  left  to  lUh.,  SOh.,  &jc.  Then 
are  lubdiTided  into  five  minutes,  the  scale  not  admitting  of  (mailer  diviiioni.  Take  the 
moon'i  parallax,  hW  !>S".2,  from  the  acaJ-  of  equal  porta,  and  with  that  radiiu  describe  about 
the  centre  C  the  circle  ARB.  Set  ofl  (^y  means  of  the  sector)  the  area  KT,  RU,  each 
equal  to  i3^  3»'.  Join  TQU,  and  about  that  diameter  describe  the  circle  TYUVT.  Makfl 
Uie  arc  TYV  equal  to  the  alar'a  longitude,  301-'  IIK  31",  which  li  done  by  making  tJr 
arc  UV  =  21''1(K  Jl".  Draw  P'V  paml'el  to  OR,  and,  with  an  extent  equal  to  the  comple- 
ment of  the  itnr's  declination,  79"  SCK,  taken  as  a  trnniverK  distance  from  the  sinea,  with  tha 
radius  CB,  and  with  one  foot  in  C,  sweep  oS  «■„  cutUng  P'V  in  P'.  Join  CP'  and  con- 
tinue it  to  meet  the  circle  ARB  in  W.  Set  on  each  aide  of  W  the  arcs  WD,  Wd,  equal 
to  the  complement  of  the  latitude  of  the  place,  TIF.  Make  the  arcs  DF,  DE,  df,  de,  each 
squal  to  the  atar'i  declination,  10"  Kf,  and  draw  the  tines  Tlf,  Di/d,  Ent,  cutting  CW  in 
I,  q,  n.  Bisect  f  n  in  r,  draw  1  ru  parallul  to  Df  tJ,  and  make  rr,  ru,  equal  to  fD.  Thruugh 
toe  points  I,  I,  n,  u,  I,  draw  the  path  of  tlie  spectator,  aa  taught  in  the  above  rule,  and  inark 
tbe  hour  of  the  sUr'a  passing  the  meridian  il)h.  Kim.  5(ls.  or  IDh.  54m.,  at  the  upper  point  t, 
becauie  the  star's  declination  ia  south.  Mark  the  following  hours  in  auccesaion,  SUIi.  ,^>4m., 
!ilh.  Hm.,  &c.,  to  the  letl,  as  in  tlie  figure.  Take  an  extent  in  the  C9mpaaaes  equal  to  ths 
moon's  semi- diameter,  16'  1U".IJ,  and,  beginning  towards  N ,  find,  oa  above  directed,  the  point* 
b",  Z',  at  tlial  distance  apart,  and  marked  with  tJie  same  time,  IGh.  57m.,  which  is  the  t'--~ 
Ol^the  immersion.     Proceed   in  the  same  waj  for 


a  correaponding  to  the  pointa 
l«h.  lOm.,  will  be  obUiiJed. 


it  describe  about  fi  and  v'  the  smalt  circlee  representing  the  disc  ..  . 

moon  at  tliese  times,  and  cutting  the  patli  of  the  speclnlor  in  the  point  Z,  Z'.  Join  CZ',  Cp' 
and  paiatlet  to  CZ'drawiy/u'  cutting  the  moon's  disc  in  r',  a' (as  in  lig.  g,PIate  XlV.) 
and  the  arc  a'Z'  will  represent  the  distance  of  the  point  of  immersion  from  the  lower  pan  c 
of  the  moon.  The  line  CZ  runs  nearly  throngh  the  point  p,  so  that  the  top  part  of  the 
DMon  c  and  the  point  Z  nearly  coincide ;  consequently  the  emeraiau  happened  near  the 
moon's  lenith.  By  subtracting  the  aun's  longitude,  ^1'^  7',  from  Utt  moon's  or  star's, 
SOI^  10'  (increased  by  300^),  tlie  remainder  is  M»r-'  3',  which  ia  to  be  marked  on  the  citcle 
T^  UV  to  the  point  A.     Make  the  arc  T|i  equal  to  Die  nioon'a  latitude,  I"  49-  53",  taking 

'Jte  ptrint  |»  below  T  because  the  istiludf  "  ■-      " ■■--  "—  •  "   -   '  .  -     -  ;- 

.■__    _.!_     — J   .!._    __z_._        .   _.:„ Bsent  uie  pnuM-s  oi  tne  moons  noma,      ine 

n  the 


and   the   pointa  d,  8,  will  represent  L 
on  Z  will  bs  to  the  ■  ■     '  - 


REMARKS. 

I.  When  it  ia  thongbt  necenary  lo  take  notice  of  tlie  spheroidal  fbrm  of  the  earth,  the 
eorrecbona  of  latitude  and  pamllu  ofTabte  XXXVIIt.  must  be  subtracted  from  tlie  latitude 
of  the  place  and  the  moon's  horiiontal  parallax  respectively,  to  obtain  the  latitude  aiid  paral- 
lu  lo  be  made  oae  of  in  the  above  role. 

3.  Subtract  !i"  fhim  the  moon 'a  Kmi-diameter  given  by  the  Nautical  Almanac,  if  it  be 
thought  necesaary  ;  llie  remainder  ia  to  be  mode  inie  of,  uttAouC  aiigmaUaiiiin,  on  account 
oftlie  attitude  of  the  moon. 

3.  Tlie  corrections  for  the  change  of  the  moon's  semi -diameter,  horiionlal  parallox,  and 
horary  motion  during  the  occultation,  are  neglected  in  the  above  rule,  as  not  materially 
afUgcting  the  result, 

4.  The  line  CZ'  measured  on  the  aines  as  a  transverse  distance  to  the  radius  CB,  will  be 
the  atar'e  lenith  distance  at  the  immersion.  In  a  similar  manner  it  may  be  found  at  the 
emerainn  al  Z,  at  at  any  other  point. 

5.  The  curve  llnu  may  be  made  to  onawer  for  any  latitude, aa  in  Prablem  XL,  Remark? 

Calculation  ^  an  oemltalim  of  a  plaml  by  Ot*  moon. 
By  a  aimilar  process  the  time*  of  immenion  and  emersion  of  a  planet  ma;  be  calculated 
by  finding  the  planet's  right  ascension  and  declinati  in,  oeocentric  longitude  and  latitude, 
itom  the  Nautical  Almanac,  and  uung  them  instead  or  the  atar's;  aW;  by  Prolilem  11., 
the  horary  motion  of  the  moon  from  Ox  planet  in  longitude  and  latitude,  which  are  to  be 
used  instead  of  the  horary  motion  of  the  moon.  In  this  projection  it  will  not  be  necessary 
to  lake  notice  of  the  parellai  of  the  planet,  bnl  it  may  be  easily  allowed  for  by  taking  tlia 
mdius  CB  equal  Vt  the  difference  of  the  horiionul  parallaxes  of  the  moon  and  planet.  The 
spporent  diameter  of  the  planet  may  alsn  be  neglected,  making  the  distances  nZ,y'Z',  equal 
^  the  mimn'ki  semi- diameter.  When  great  accuracy  is  required,  the  sum  of  the  semi-diame- 
tm  of  the  moon  and  pl.inet  mnsl  be  made  uae  of  lor  finding  tlie  external  oonttcta,  sod  iWf 
■tiSiwente  for  ttw  internal  contacts. 
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482      TO  CALCULATE  THE  BEGINNING   OR  END  OF  AN   EUI.irBE. 

PROBLEM  Xril. 

To  cakulatt  tlit  begaaaTig  or  aid  of  a  tolar  tdipie. 

RULE. 

Thto  mutl  be  done  by  Kppmxiniatioil,  bv  uaumlng  ■  time  Tor  the  brgiDning  or  end  oT  tbF 
f.irfipae,  u,  for  eiaiii|>lB.  the  time  obtained  bv  projection  bj  Hrobleiii  XL,  tiie  time  of  new 
moon  at  [lie  place  of  niHiervation.  or  an  hour  belbie  or  afler,  according  u  it  is  tlie  be^nninf 
lught.  Witfa  this  time  calculate  tJie  elements  of  the  eclipw 
n  the  firat  piut  of  Problem  VIII.  Tbe  parallaxea  applied  to 
moon  b;  the  Nautical  Almanac,  will  cive  the  appaient 
■uiigii.uuE  aiiu  uLuiuuc.  riiiu  uir  diffbr^nce  of  the  apparent  longitudes  of  me  moon  and  sun, 
and  from  its  proportional  logarithm,  increasing  the  index  hj  10,  subtract  the  proportional 


logarithm  of  the  moon  a  nppnrent  latitude  ;  the  remainder  will  be  the  log.  tangent  of  ai 
anule,  whose  correHpondina  log.  coalne  is  to  be  added  to  the  proportional  logarithm  of  tbi 
ditterence  of  longitudes ;  the  sum,  rejecting  10  in  the  index,  will  be  the  proportional  loga- 


rithm of  the  apparent  distance  of  the  centres  of  the  son  and  moon,  which  ought  to  be  equal 
to  the  sum  of  the  corrected  at'mi-diaiiieten,  if  the  anunwd  time  was  correct.  If  Uua  it  not 
the  case,  liie  operation  must  be  repeated  with  an  assumed  time  ditlerin^  a  lew  minutes  from 
the  furmer,  and  the  apparent  distance  of  the  centres  of  the  sun  and  moon  must  be  calculated 
in  this  new  BUnpositJon.  Then  add  together  the  srithmeticsl  complement  of  the  proportioiw! 
Iiiffarillini  of  Ine  difference  of  the  apparent  disloiiees  thua  caiculaled,  the  proportional  logt 
ritliui  of  tbe  diiference  between  Che  first  calculated  distance  and  the  sum  of  the  semi-diaiue- 
terv.  and  the  proportional  logarithm  of  the  interval  of  time  between  the  two  suppositions  ^ 
the  tuiii,  rejecting  III  in  the  index,  will  be  the  proportional  logsritiim  of  the  correction  to  b° 
applied  to  the  first  assumed  lime,  which,  at  Ibe  beginning  of  an  eclipse,  is  to  be  added  to  tb" 
first  assumed  time,  if  the  distance  be  gruaitr  than  the  sum  of  the  semi -diameters,  but  lul 
traUtd  [[ten;  and  the  contrary  in  calculating  the  end  of  an  eclipse;  the  sum  or  diSerenca 
will  be  the  approximaU  time  of  the  beginning  or  end  of  the  eclipse.  If  ^at  accuracy  ti 
Inquired,  the  operation  may  be  repealetTwith  this  approximate  time,  combining  this  result 
with  one  of  the  former  suppositions  ;  and  thus  the  operation  may  be  repeated  till  the  appareol 
distance  of  the  centres  at  llie  assumed  time  is  found  lo  be  eiactlj  equal  to  the  sum  of  tb* 
corrected  ■emi-diametcra. 

REMARK. 
This  rale,  with  sonie  modificstion,  will  answer  for  ealcalaling  the  lime  of  an  occollaliD* 
of  a  fixed  star  or  planet  by  the  moon.  In  this  case,  the  slar^  longitude  is  to  be  found  ia 
Table  XXXVII.,  and  corrected  for  the  equation,  Table  XLI*  (or  the  planet's  longv 
tude  is  Id  be  taken  from  the  Nautical  Almanac  ;)  the  difference  between  this  and  the  moonV 
amiarenl  longitude  corresponding  to  tlie  aasumed  time  being  found,  its  proportional  Ion 
Tithiii  is  to  be  added  to  the  log.  secant  of  the  moon's  apparent  latitude,  and  tbe  sum  is  to  M 
used  in  finding  the  distance  of  the  centres  instead  of  the  proportional  logarithm  of  the  dif 
ferenee  of  longitude  of  tlie  sun  snd  moon,  with  the  index  increased  by  111.  The  latitude  of 
the  star  is  to  be  found  by  Tables  XXXVII.  and  XLl.,  or  the  planet's  latitude  by  tbe  Nautical 
Almanac,  and  added  to  tlie  latitude  of  the  moon,  if  of  a  diHerent  name ;  otherwise  theit 
difference  is  to  be  taken  and  made  use  of.  instead  of  the  moon's  latitude  in  the  above  nie. 
X-asUy,  insiead  of  the  sum  of  tbe  seini-dianiptera,  tbe  spmi-diameler  of  the  moon  t*  to  be 
made  use  of  When  very  great  accurscy  is  required  in  calculating  an  occultaUon  ofa  planet 
by  the  moon,  the  diflerenGe  of  the  panllaxcs  nf  the  moon  and  planel,  decreased  by  the  cor- 
rection of  paruUax,  Table  XXXVIlL.is  to  be  made  use  of  as  tlie  reduced  psraltax,  in  findin| 
the  parallaxes  in  longitude  and  latitude.  When  the  apparent  disionce  of  the  centres  rf"  Ibe 
moon  and  planet  is  equal  lo  the  sum  of  their  semi-diameters,  their  limbs  will  just  appe«r  to 
touch  each  other :  and  when  that  distance  is  equal  to  tlie  difierence  nf  the  semi 'diameters,  the 
planet  will  be  wholly  covered  by  the  moon. 

EXAMPLF. 

Required  the  time  of  the  beginning  of  the  solar  eclipse  of  June,  IBOG,  at  Balem,  suppoaiDg 
llie  errors  of  the  moon's  lon^lndr  and  Latitude  in  the  Nautical  Almanac  lo  be  unknown. 

To  abridge  the  present  calculation,  suppose  the  beginning  of  the  eclipse  to  be  Juna 
>5d.  'Ji^.  lira,  ItlaA,  apparent  time,  the  elements  cnrreaponding  to  which  Dure  been  oalcu- 
lated  in  Problem  VI.;  namely,  moon's  apparent  longitude,  &f^  8"  50" .3;  moon's  apparent 
latitude,  I  55".d  N.,  these  being  corracted  for  the  errors  of  the  tables,  58".!>,  anif  ll".4; 
hence  the  uncotrectrd  values  are  Oi"  \f  4U".8,  and  'i'  7"3  N.  The  difference  between  Ibis 
apparent  longitude  of  the  moon,  and  the  nm'i  longitude,  S4°  41' 3".4,  is  31'  U".6. 
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Tbi>  apiMueiit  diitonce  diStn  1'  4"Ji  fkam  tbe  lum  of  the  •eml-diamclen,  3i!  S3"  .5.  t(  ik 
Ibeivfiire  ncccnu-y  lo  mske  a  (econd  lapposition,  m  for  eismple  ti^n  miniiteB  lutfr,  or  U 
Kb.  IGm.  IdaA ;  with  lh»  time  the  elemenU  an  to  be  uun  CBlcnhled  u  in  Problem  VI., 
nunely.mooD'i  apparent  longitude  nneonecled,  ti^o  j^itT**.!  {lun'*  loDgitude,04'-  41' 37  9, 
tkeir  ifitlbrenu,  27'  10".l  (  moon'i  apparent  latitude  uncorrected  for  error  of  tablei,  I'  SW-b  N 
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PROBLEM  XIV. 

Gitwn  lAe  mmm'*  true  Ioi^ftiu£c  to  fold  Iht  mam  time  at  Grtetumeh. 
kULE. 

1.  Take  Irtnii  the  Naatical  Almaniic  the  two  longitudei  Immediiitel;  preceding  the  g>i«en 
■oDsitndc  and  the  two  following,  and  find  the  Rnl  and  aecond  difitrenees,  as  in  Problem  1. 
Call  the  middle  term  of  Lbe  tint  difference!  the  am  A,  and  the  half-iuni  of  the  second 
diSisrenoea,  (noticing  the  aigna,)  the  arc  B. 

2.  To  the  conitanl  logarithm  4.6^48  odd  the  arithmetical  complement  of  tbe  logarilhni 
of  A,  in  lecondi,  nnd  the  logarithm  of  the  difierecce  in  •econd*  between  the  given  langilude 
■nd  the  aecond  longitade,  lokeo  from  the  Nautical  Almanac  ;  the  mm,  rejecting  10  in  the 
Indei,  will  be  the  logarillini  of  Uie  approximaU  time  T  in  seconds. 

J.  Enter  Tabic  XLV.  with  the  arc  B  at  the  top,  and  this  time  T  at  the  nde,  and  find  the 
•orresponding  correction;  to  the  logarithm  of  which  add  the  two  Gnt  logaritfaiiu  above 
finind  ;  the  >un\,  rejecting  10  in  the  iiidei,  will  be  the  emrtclunt  of  the  approiiinite  time,  to 
be  applied  with  the  annu  livn  ■■  [he  arc  B,  and  tiie  correct  mean  time,  counled  on  from 
lbe  second  noon  or  midnight,  will  be  obtained 

EXAMPLF 

impoM 

ll*u  ttiB.  I  >>■  I«|lni4n. 


Sul 
■ponding 


*  11  K  >B  19  ST.4 
n  0  9S  07  44.T 
19    19       101  03  fiO.S 


I  me  u  as^ 

B913W.9. Arilh.Ci 


S  M  38;»   I  B^ljlg-] 


A-ihHiihaila... 
iJy  taToh 

Die  lonfttaiia... 


n.aSi.slUna. Lot- 4.34563 


■  ■Lot.  I.ISHT 


I.  plH  naan,  lalj  lU. 
B  method  might  be  uied  tn  finding  the  time  fVom  the  rooon'i  right 


Rin-E. 
Take  tram  the  Nautical  Alrouiac  the  right  aaeenainna  of  the  moon  which  immedinlrlv 
prectrde  and  follow  the  lime  at  Greenwich,  of  the  propoMd  obaervation.     Take  Ihe  diflcr- 
D,oflhaw  (woriyhlaMenaiona,  in  aeeonda  of  time,  also  thedifiWrence,  <f 


•f  time,  between  the 

lo  ihn  constant  logai 

and  the  logarithm  of  A ;  the  lum,  rejecting  10  in  the  index,  will  be  the  logaril 

ter  nfneconda  lo  be  added  to  the  hour  first  marked  in  the  Nautical  Almanac, 

laaan  Uum:  of  Ihe  obaervation  at  Greenwich,  neorlv 


1  the  Biven  rieht  aacenaion  and  that  correoponding  to  Ihe  first  hour.  Then 
ogaritbm  S.SoSSf)  add  tbe  arithmetical  complement  of  the  lovarithm  of  D 
HI  of  A;  the  lum,  rejecting  10  in  the  index,  will  be  the  logarithm  ofa  nun. 


TU  FIND  THE  LONGITUDE  OF  A  FLACB. 

EXAMPLE. 
DK'a  ri^ht  uceiuion,  Jtilj  13,  J83G,  wu, bj  otwemUiaD, 6h. SGu.  Z9i3S.  Reqniipd 

lU.Mi.l) 
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PROBLEM    XV. 

Gtpen  the  dittanct  of  At  moon  frvat  ajatd  «fair  not  tnarkta  in  Ue  AotdiMf  Wbuuuic, 
togdker  teith  Hit  aitilitdtt  nftke  olgtctt,  the  menu  time  of^ietrvittion,  and  Ute  uHmoUd 
tmgitwU,  tajind  the  longitude  nfUte  place  of  obiermOum. 

Firjl  arfHdim,  tuii^  Uu  latittidea  and  loiigilada  of  lit  mant  aitd  Mar 

RULE. 

To  the   meui  time  oT  obiemlion,    by   astronomical   computation,   add   the    ntimUM 

loDsitade  in  time  if  neat,  or  nublnct  if  eut;  th?  aum  or  difference  will  be  thr  ■uppoaed 

mean  time  at  Greenwich,*  correaponding  to  which,  lind  the  moon's  latitude,  bjr  Prnblem  I., 

the  loiuritude  and  latitude  of  the  alar,  bj  Table  XX.TVIl  ,  and  concct  them  for  obem 

'^-  TaSe  XLl. 

iparent  oltitudea  and  diatanee  of  the  objecta,  find  the  eerrtet  diitance  bj  tha 


With  the  ipi 
iMool  rnlea  of  working 


To  the  correct  dialuice,  add  the  latitudes  of  tbe  moon  and  alar,  and  find  the  diftraut 
between  the  kalf-nm  and  the  diatanee.  Then  to  the  log.  aeconta  of  the  latltodea  of  the 
■noon  and  aUur,  rejecting  10  in  each  indei,  add  the  lag,  cosinet  of  the  half-sum  uid  differ 
pnoe,iflhe  latitudes  are  ofthe  TOMB  name,  or  the  log.  n'nei,  ifof  a  emitrarv  name -,  halftlw 
■urn  of  these  four  lo^rithmB  will  be  the  log.  coiinr!  oT  half  tbe  difierence  of  longitude,  if  tba 
latitudesareoftheninuname,  or  itelo^.  niu,  if  of  a  lA/crEnl  name. 

The  difference  of  lon^tude  is  to  be  added  to  the  ipfarent  longitude  of  the  star,  if  ibm 
moon  i*  east  of  the  alar,  otherwise  subtracted,  (borrowing  or  rejicting  360"  when  nerei 
difference  will  be  the  true  longitude  of  the  moon  ;  whence  the  mean  tinH 
I,  b;  Problem  XIV.  ^he  difference  between  this  and  tlie  meaii 
'  at  the  ship,  will  be  the  longitude,  which  will  be  wul,  if  Ihe  mean  time  at  GrecDwieli 
he  greater  than  the  mean  time  at  tiie  (hip,  otherwise  out. 

REMARK. 

This  methgd,  with  a  alight  modification,  can  be  ased  in  findins  the  longitude  finm  tbt 
observed  dislance  of  the  moon  from  a  planet,  as  Jupiter,  Venui,  Mars,  or  Saturn,  in  c**ei 
ivliere  they  are  not  marked  in  the  Nautical  Almanac,  The  only  difference  in  the  rule, 
when  a  planet  ia  used  instead  of  a  star,  consists  in  finding  from  the  Nautical  Almanac,  by 
Problem  I.,  the  gcocentrio  lon^tiide  and  latitude  of  the  planet,  which  ore  to  be  used 
instead  of  the  longitude  md  latitude  of  the  alar  in  the  above  rale.  For  tbe  daily  Tariation 
iif  the  longitude  and  latitude  of  a  planet  is  so  small,  that  no  erroi  of  moment  can  arise  from 
calculating  those  quantities  for  the  nippoiid  instead  of  the  tntc  tme  at  Greenwich  ;  and  the 
parallax  and  semi-diameter  of  the  planet  cui  be  allowed  Ibr  by  Ihe  methods  pointed  oat  in 
working  a  lunar  obKrvalion. 

The  latitudes  of  the  moon  and  the  fiied  star  or  planet,  made  use  of  in  these  obeenrations 
ought  not  to  diOer  very  much,  on  account  of  the  decrease  of  the  relative  motion  arisinj^ 
from  tills  source.  If  (he  lalitudea  are  of  a  different  name,  their  sain,  otherwise  then 
diflerenee,  ought  to  be  found,  and  if  it  does  not  exceed  one  third  part  of  the  diflerenee  of 
■nngitude  of  Uie  two  objects,  they  may  in  general  be  made  use  of 

EXAMPLE. 

Suppose  tnat,  on  the  7th  of  January,  1B%,  sea  account,  at  11m.  57a.  past  midnight,  mrtu 
time,  in  the  longitude  of  127°  30'  E.,  by  account,  the  observed  distance  of  the  farthest  limb 
of  tlie  moon  from  the  star  Aldeboron,  was  68°  SC  0",  the  observed  altitude  of  (lie  Mar 
!ft>  W,  and  the  observed  alttlude  of  tbe  moon's  lower  limb  34°  43'.  Required  the  tiM 
longitude,  without  using  the  distances  marked  in  the  Nautical  Almanac,  npon  the  suppo^ 
lion  that  they  are  not  given  in  iU 

This  lunar  observation  has  already  been  computed  by  the  eoi 
where  we  have  Found  that  the  supposed  time  al  Greenwich  ii 
moon's  aemi-diameter  15'  15",  the  moon'a  horizontal  parallax  55'  34",  the  star'*  apparent 
allHude  339  10',  the  moon's  apparent  altitude  34°  55',  theapptrent  distance  of  the  centres  ol 

•  This  IliiM  mMy  also  ba  oblalnnl  (Vain  lb*  cbrananwlsi,  If  ^au  bara  dbs  whleh  is  pislif  nil  rcfulnint 
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the  taaoa  aiid  iUt  66"  20'  IS".  With  the*e  we  find  the  Inu  dutuice  of  the  centre 
mnun  and  atar,  by  tbe  u»n«l  role*  for  working  i  liinur  ob«erv»ljon,  to  be  06°  3'  < 
pve  232.  The  mcxni'i  latititde,  deduced  fnnn  the  Naatical  Almanic,  bj  ProbU 
f^.iili  10"  a.  Theo  the  itar'i  loaKitiide  mad  Ittitude  are  found  aa  beluw,  by 
XLI.,  making  uw  nf  the  aun'*  longitude,  865°  17',  aa  given  ="  •»"  ru..,.-. 

Umgitudea   being   counted  from  t£e       '"    "       ~""' 

ia  made  in  the  foliawing  muuier : — 

l-aOto      XU AtwrialioDT;.. 


a  equiDoi ; 


«!,  by   I* 

by  miei  XXXVII.. 

lUcal  AlmanaC;  Ibeiw 

with  these  elementa  the  ealoulalioii 


siissas:: 

*  ™  "J  N- 

oMim 

toITso 

to^iTm 

lll.437a 

■       ■ 



"1 

— -^--J 

pi  loB|lluda,iiii.  N.  «>.... 

-^T^^.^ 

d.  b. 

B.S  19 

s  a 

a  IS 


-1-9  43.9 

-|->4a.7 
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Al>pn>I.  line,  3ta.  41m.  01). 


ODonaMLof.  4.0X48 
,,.  Lof.  Ar.  Co.  ^64873 
..„..td|.  3.84036 


H«an  limt    ■ 
LoBfltuda.... 


Ih. 


The  computed  time  at  Greenwich,  3h.  41m.  35a.,  diflen  from  the  aMuraed  tiiu, 
ily  SiU.;  and,  during  thia  interval,  the  moon 'a  latitude  varies  aa  little,  tliat  il 
taaiy  to  re|ieKt  the  operation  on  account  of  thia  variation  ;  obarrving  that 


.   in  the  moon'a   hititude    affect*  the 
U.OOOOl,  sad  thia   praducea  in  the  diflen 
the  present  example  ;  and  aa  the  latitudei 
lo  repeat  the  operation  when  thia  method 


nf  the  longitude  an  error  at  otilv  'if'  or  W  in 
ilwayi  amall,  it  will  hardly  ever  be  neceagat} 


Second  loUilum,  unng  Um  right  atettutrntM  oftlit  mootiaadML 

RULE. 


time  at  Greenwich.     Thia  time  may  alao  be  taken  from  the  chronometer,  \T  you  hav 
which  il  pretty  well  regulated  Tor  mean  time  at  Greenwich.     With  thia  time,  enli 
Naulioal  Almanac,  and  And  from   it  the  right  i 
pUnet,  and  the  declination  of  the  moon. 

'Vith  thi-  apparent  altitndea  and  diatancea  of  the  objecta,  6nd  the  correct  diitanee  by  the 


uaual  rulea  of*  worki   ^ 

To  the  Rorrect  dialance  aiid  the 
between  tha  W/-nini  and  the  diat 
Bumn  and  atar,  rejecting  10  in  eic 
difference,  if  the  deolinal 
bnlf  the  lUm  of  these  four  logaritbl 
itMlinationa  are  of  the 


I  oT  the  moon  and  star,  and  lind  the  i^eraitt 

IU.11UC.      I  iiro  to  the  log.  K'eanli  of  the  declinatiDna  of  tbe 

ch  index,  add  the  log.  coiinri  of  the  hslf-ium  and  of  the 

of  the  tame  name,  or  the  Ins.  tinta,  if  of  a  aaUrury  name  : 

IK  sought  for  in  the  column  of  log.  aaiiat,  if  (he 

'  column  of  log.siiiu,  if  ofiftfaraU  nameaj  and 
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Ike  eanenfiuiiag  time  m  the  cofuran  r.  h.  ii  the  ditlereuce  of  the  right  ui 
ntoon  lad  ulu'. 

Tliii  difierence  af  ngbt  ucetuion  i 
■lar,  ir  llie  iiuKin  is  soil  of  the  itu,  oth 
neceHBr;  ;]  the  lUm  or  difference  wiU  ae  uw  true  riant  aKenuDD  di  tiie  uoon  ■  iiinOL 

ir  the  moou'i  tiue  rirht  siKeiuioa  con  be  fouDd  exactlT  in  the  Niuticftl  Almuue,  the 
eorretponding  hour  nillhe  the  memn  time  tX,  Greeniriclt.  If  it  cuinot  be  found  exactly,  ■■ 
will  mast  commanlj  happen,  take  out  the  right  ascenuons  for  the  houn  iminediuely  pi>> 
ceding  and  folluwins,  and  note  Iheir  difference,  D,  in  lecondi  of  time ;  take  alao  the  dilKv 
ence,  d.  in  secondii  ot  time,  between  the  mc»n'a  true  nffht  asoeniion  and  that  right  aacenurin 
marked  foi  the  first  hour  in  the  Nautical  Almanac.  Then,  to  the  conataatloE-  3sHr»i,  add 
tht  arithmetical  couiplement  of  the  lugaiithm  of  D,  and  the  logarithm  ^  d  i  the  nun, 
reji^cting  ID  in  the  index,  will  be  the  logarithm  of  a  number  of  •ecandi,  to  be  adik-d  tn  the 
hour  tint  marked  in  the  Nautical  Almanac,  to  obtain  the  mean  time  of  the  (A«rvalJDD  al 
Greenwich.  The  difference  between  [hit  and  the  mean  time  al  the  ship,  will  be  the  longi- 
tuile,  which  will  be  toul,  if  the  metui  lime  at  Gieeuwich  be  greater  than  the  mean  tiine  al 

We  may  obKrve,  that  we  can,  aa  in  the  first  Bolution,  use  a  planet  initead  of  a  star. 

We  ahall  now  coiculalc,  by  thia  method,  the  name  exunple  as  in  the  Rnrt  aolution.  Id 
Ihii  case,  for  the  auppoged  time  at  Greenwich,  January  (id.  3h.  41m.  !j7b.,  we  find,  by  meant 
of  the  Nautical  Almanac,  Aldebaran'a  tight  aKeniiim  4h.  2lim.  31b.3,  Aldebaron'a  decliiw- 
lion  10°  Iff  aU"  N.,  and  the  nioon'a  declination  SI"  0*  33"  N. 
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PROBLEM    XVL 


Thia  problem  include*,  alio,  the  case  where  one  of  the  obaervatiooi  ia  auppoaed  to  be 
made  at  Greenwich,  conaideiing  the  time  of  the  transit  of  the  moon's  bright  lunb  aver  that 
mi-ridian,  given  in  the  Nautical  Almanac,  as  an  actual  obserration ;  the  error  ariung  from 
this  aupponilinn  beini;  very  small,  on  account  of  the  great  degree  of  accuracy  of  the  innar 
lablea  used  in  tlie  computation  of  the  NanticaJ  Almanac.  We  may,  however,  obwrre  tliat, 
where  good  olwervatloni  can  be  obtained  at  both  meridians,  it  i*  uwaya  best  to  use  them 
in  preference  to  the  computed  transits  in  the  Nnulical  Almanac. 

The  principle  upon  which  the  longitude  is  found  in  this  method  is  simitar  la  that  which 


iMil,  in  the  present  problem,  this  motion  i*  ascertained  by  obaerfing  the  time  when  the 
moon's  bright  limb  passe*  the  meridian,  instead  of  measurino  tbi?  angular  dislanee  of  Iha 
moon  from  the  aun  or  a  atsr.  The  variation  of  the  moon's  right  ascenaion,  correspondii^ 
to  a  cbange  of  15°  in  the  longitude,  is  given  verv  acciimlely  oy  llie  Nautical  Almanac  lot 
every  transit  of  the  inoon'e  Hmli  at  Greenwich.  This  variation  is  i^ut  2in.  in  time  for  Ik 
of  lonvitude,  and  when  the  difference  of  the  times  of  transit  under  diffprcDl  meridians  hM 
been  found  bj  observation,  it  ia  easy  to  get,  by  proportion,  the  corresponding  longitnde,  M 
we  shall  see  in  the  following  examples 

This  method  of  computing  the  longitude  is  very  much  ftcilitated  by  the  itew  table  of 
moon-culminating  stars,  inserted  in  pages  410—151  of  the  Nautical  Almanac.  To  show  tha 
MDstmction  of  Die  table,  we  shall  insert  the  following  eitroets  from  it,  oonlained  in 
ra^c  438  of  the  Nautical  Almanac  for  1B36 


TO  FIND  THE  LONGITUDE  OF  A  PLACB 


OOL.    1. 
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tlip  lower  culinlnalion,  (.  e.;  Ihii  lut  being  uf  frtqiient  ubf  in  high  iBtiludpB.  Tlie  t 
oolumn  conluins  the  migniludes  of  the  objects;  tlmt  of  the  moon  beine  denoled  by 
age,  e;ipre»9fd  in  d&jiB  mnd  tenlh»  or«  day.     The  fourth  nolunm  containi  3ie  ippsrenl  r 


The  itiin  whooe  Tight  ucenaiong  uid  dectlnntioni  ire  iniertsd  in  thii  tkbte,  Kre  rnlled 
oioon-culininaling  atani,  because  thef  have  nearly  the  lame  dcctinittion  aa  the  iiiooti,  *nil 
du  nnl  differ  much  in  right  ucention,  to  lh»t  IJiej  are  conTeniently  situated  for  oburiT*- 
tiona  of  the  difierencei  of  tlie  times  of  the  transit  which  are  irquired  in  this  problem.  The 
Gnt  column  a(  this  Ubie  contuiu  the  date  ;  tlie  second,  (he  naine  of  the  star  or  rnoon.  If 
the  bright  limb  of  the  moon  be  the  Brat  which  pasitra  the  nieridian,  it  is  maiked  1.;  but  JTil 
be  the  second  limb,  it  it  marked  II.     The  upper  culmination  of  the  moon  is  iQarlipd  u.  c. ; 

e  iliird 

lier 
day.  The  Fourth  column  containi  the  ipparent  right 
ascension  oi  me  moon's  bright  limb,  at  the  time  of  the  transit  over  the  meridian  of  Urrea- 
wich  ;  and  llie  fillb  column,  its  declination  at  that  time  :  the  ume  colnmns  contain  also  ths 
nsht  aacenHJons  and  declinations  of  the  moon-culminating  stare  at  Iheii  upper  culniinatiuD 
l^e  sixth  column  containi  the  variations  in  the  right  ascension  of  the  moon's  bright  linih 
daring  the  intervals  of  her  transit  over  two  meiidians;  one  of  these  meridians  being 
1"  SW  W.  from  Greenwich,  and  the  oUter  7'  30  E.  from  Greenwich ;  so  that  the  diataoco 
of  these  two  meridiana  is  15°,  or  Ih.  in  longitude.  For  convenience  of  reference,  w^ 
■hall  coll  this  variation  the  are  H,  supposing  it  to  be  expressed  in  seconds  of  time,  as  ir> 
eolumn  6. 

The  arcs  H,  in  the  sixth  column,  are  deduced  from  the  right  ascensioiis  of  the  moon'* 
bright  liinb,  contained  in  tlie  fourth  colnnin,  so  that  they  include  the  effect  produced  by  tbn 
changes  of  the  moon's  semi- diameter.  The  seventh  column  contains  the  intervals  of  the 
transit  of  the  moon's  semi-diameter  over  the  meridian  ex]>resaed  in  aiders!  lime  ;  thia  lims 
being  generally  used  in  making  such  observations,  and  for  this  purpose  it  is  usual  to  not* 
the  times  of  transit  by  a  clock  regulated  to  siderai  time.  If  the  intervals  are  iriven  in  mean 
time,  Ihey  may  be  reduced  to  siderol  lime  by  adding  the  correction  in  Table  O.  correspond- 
ing to  thai  Ijme.  Thus,  if  the  interval  is  till,  mean  time,  the  tabular  correction  in  column  I 
oTthat  table  is  r><ls.l,  making  the  interval  Gh.  Dm.  ri.Os.1,  siderai  tinw.  If  the  interval  be 
6h.  5Hm.  mean  time,  the  corrections  in  Table  LI.,  columns  1,9,  are  6f)s.l-f  ds.5=  Im.  Us.6; 
consequently  the  interval  in  siderai  time  is  Gh.  50m,  lin.li. 

The  numbers  in  columns  4,  h,  (i,  7.  of  the  table  of  ttioon-cutm  mating  stam,  correspond  to 
the  meridian  nf  Greenwich,  and  may  be  reduced  to  any  other  mrridian  by  the  uaiiat  method 
of  interpolation,  as  in  Problem  I.,  page  3%.  Thus,  from  the  above  extracts  from  this  table, 
it  appears  that,  at  the  lime  of  the  upper  culmination.  September  16,  I83(),  the  right  nscen- 
Sinn  ofllie  moon's  bright  limb  wss  IGli.  (NSm.  tjls.71 .     At  tlie  fotlowinv  lower  culminati^m,  it 

E  Itih.  37in.  12g.4u,  which  may  be  considered  as  correuponding  to  the  upper  culmination, 

itember  16,  in  a  place  I'Jh.  in  longitude  west  from  Greenwich;  and  st  the  next  upper 

right  aicension  was   I7h,  Oihn,  Ols.65,  which  may  be  con  '' 

mSer  IC,  in  a  place  'Hb.  « — '  '- —  " ='-      -■-- 


September  16, 
Enlminaliun,  t 


likem 


z  the 


a  Greeni 


;  according 


n  east  longili 
16,  iStO,  the  right  a» 
mpposc  the  preceding 


._   -ling  to  th 

lnn?itude,  in  a  westerly  direction  completely  round  the  globe.     Ii 
lude,  we  have,  al  the  upper  culmination  at  Greenwich,  Seutembe 


have,  al  the  upper  culmination  al  Greenwich,  September 
of  the  moon's  bright  limb  I6h.  06m.  31s.7l,  and  w(  may 
15h.  36m.  34S.7I,  to  eorrespond  to  the  longitude  12h.  east. 


This  being  premised,  we  shall  now  proceed  to  show  how  to  find,  hy  interpolation,  the 
moon's  right  ascension  al  the  lime  of  her  tronait  over  any  meridian  in  east  or  west  Inngiiudii 
&om  Qreenivich.  The  process  of  calculation  is  very  nearlv  the  same  aa  thai  in  FTobJein  I  , 
pige  SW,  but  for  convenience  we  have  reduced  it  to  the  fbilowiDg  form  :— 

RULE. 
nfind  lit  mam't  ri^  anauim  al  t«r  transit  oeer 
1.  Take  from  the  fourth  column  of  the  UbIe  of  moon-culniini 
wms  ef  the  same  limb  of  the  moon  eonesponding  to  four  auccei 


fj.: 


.llMmiBlKdquBiiUllHcaii  bi 
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tue  maf  wtctit  and  Im  fallovi  ^er  At  timt  iff  traiuit  »t  the  propoaed  place.  Pot  tMM 
nuuiWni  bvluw  each  othpr  in  their  regular  order ;  then  finil  thi'ir  Rnt  and  m-cand  diflerencM. 
Call  tlit^  middle  term  of  the  f<r>l  dific-rence*,  the  >ic  A  j  tile  mean  oftlie  Snd  difTerenceB,  tb* 
&rc  B:  and  if  llie  langiludt;  be  west  tjom  Oreenwich,  put  T  equal  lo  that  loa^lude  in  Untc; 
but  if  tlie  longitude  Iw  eul,  put  T  equal  to  the  difference  between  lljh.  and  that  longitude. 

H.  To  the  constant  logarithm  5.J64rd  add  the  lo|[&rithin  rf  T  in  aeconds  of  time,  and  the 
logaritlitn  of  A  in  ■ecniid*  of  time  ;  the  mm,  rejecting  10  in  the  index,  will  be  t.  propimiimiU 
fHirl,  which  if  lo  be  added  to  the  leeond  right  aacenaion  uken  from  the  Nautical  Almanai 

a.  Enter  Table  XLV.  with  the  arc  B  al  tlir  top,  and  the  tiiue  T  at  Uie  tide  ;  oppmite  to 
tlii*  will  be  tlie  conrction  of  aecond  diSerencei,  to  which  prefii  a  di^ercnl  rign  from  tha«  of 
till-  arc  B,  and  pllce  it  under  the  aecond  aaceniioo  and  the  proporlional  part  nbave  found 
Ciinni'ct  tlieie  three  i|uanliliei  together,  ai  in  addition  in  algebra ;  the  auin  will  be  the  aonftht 
ri^ht  luurnaion  of  the  moon  at  the  lime  of  hei  truuit  over  the  propoaed  meridian. 

iceaa  may  be  uaed  for  interoolalunr  the  t       '    "  i.  ._  .  =    »    - 

following  examplea : — 

RXAMPLE  I. 

Required  the  right  a«^enaion  of  the  moon,  September  16,  IStfi 
;he  time  of  the  triniil  over  tlie  meridian  of  a  place  whuse  long: 
ttou\  Greenwich  ;  alio,  the  value  of  the  aic  H,  deduced  from  the 
the  time  of  (hit  tianait. 

Here  n>e  have  T  =  3h.  48m.  3!la.,  being  tlie  aaiiie  ai  in  Example  1.,  page  3:  C  ;  thi 
being  Delected  in  oidei  lo  ahow  more  readily  the  umilarily  of  the  present  calcuiatiu 
thai  in  page  3U(J. 


il  account,  at 
)iii.  '£>»  weit 
loluiun  C,  for 


1831.  Bipi 


Ri(tol  a> 


IKdli 


nna. 

vi"k"i. 

i-di(r™B« 

^ 

5.« 

tss 

u 


33      kSOT  .XI Id(.  i 

sa  Kbla  x'£v."b'='6™.'hi. 


H.  16Bi.oai.«  K.  A.  la  lM|.  ofSta.tfin.  nt.  VI 


4-    1 .63 Laj.  o.aiaai 

-t        !(BTali1>XLV.     B  =  — (b.M. 


H  » IM«.30  a, 


HrondiatMloag.  31)  48n 


Hence  it  appear),  that,  on  September  16, 1836,  aatronumical  account,  in  a  place  Sh.  48m,  sts 
weal  from  Greenwich,  the  right  ascenainn  of  the  moon  a  bright  limb  at  the  time  of  paaatng 
tlie  meridian,  waa  IGh.  16tn.  CKta.42,  and  that  the  arc  H,  corretponding  to  that  meridian, 
was  15:<a3a,     Thia  arc  H  rupreaenti  the  Tiriation  of  thn  moon's  right  ascenainn  between 

T  —  :M>m.  and  T  -f  3Um.,  corresponding  respectiTel;  to  3b.  18m.  £)a.  west,  and  4h.  IHm.  S9s. 
west,  iroin  Greenwich. 

In  tLe  preee^liiig  example,  tbe  loiigitnde  of  the  plaoe  ia  gi 
ilKht  uBceiiaioii  at  the  time  of  the  pwduiBe  of  her  bright  limb  c 
place ;  but  we  may  suppoee  that  right  naceiiHiou  t*  be  pivei 
procena,  the  longitudo  of  the  place  of  oliaerA'ation,  or  the  ti 

ttuH  problem  is  very  Btmilor  to  that  of  Problem  XIV.,png(>  4^,  chan)riug  lonjiiteA 
Into  right  (ucenalDN,  j-e. ;  and  it  may  be  expressed  as  in  the  followiag  mle:- 

RULE. 


,  to  find  the  moon'i 

the  meridian  of  that 

And,  hy  an  invenw 

le  T.    The  solution  of 


1.  Take  from  column  4  of  the  tftblo  of  moon -culminating  sti 
mauoo.  the  four  right  ascenmntis  of  the  bright  limb  of  t!ie 
example;  and  then  compute,  b«  in  that  example,  the  valu< 


rs,  in  the  Nautical  AI- 
noon,  RS  in  tho  nliovs 
I  of  the  arcs  A,  B,  ia 


2.  Tti  the  constant  logarithm  4.63543  add  the  arilhroBiical  complement  of  the  lofrnrithm 
of  iLe  are  A  in  aeconds  of  time,  and  Ihe  logarithm  of  tlie  difference  in  aeconds  of  lime  be- 
tween the  given  right  aacensiun  and  Ihe  Hecnnds  right  ascennon  taken  fWim  the  Ksulical 

aldend  tlmeof  thiMooon'sdlekpaBslnRthemiTiilian,  dc^nrodftvm  ndninii 
■    ■     ■'         '  ■'  B,  Stplcmber  ]«,  tho  riRhl  ascrnnlon  of  limb  I.  I* 

DC  this,  or  Hi*.\A^-int.  ^5s.04,  rcprtaenta  the  time  reqniinl  fortbs 
AdflinB  this  to  Ifih.  OBm.  SlB.7f;  wr  gi.t  IBh.  oem.  ii*.1\  for  tbe 

tbotimeorilHlrBnait.  lu  like  manner,  if  the  qaantit!' 2m.  £j«.M 
■;  whlcb  corrFsp<inds  to  thu  limb  U.,  vc  shall  ffl  tbe  riicbt  ween- 

sappoalng  the  time  of  the  traiialt  of  limb  U.  to  be  nuiiied  In  tbe 


ddlDa  or  aubtracthie  tbe  aldt-rxl  time  of  th»  a 
.  Thus,  al  the  opner  culmlnaHon  of  tho  ni 
Sb.(M)ni.  21g.Tl.  Incnlnnin4;  and  In  column  7, 


I  of  Ibo  limb  II. 
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Almanac ,  the  nim,  Tejecting  10  m  the  indei,  will  be  the  loguHhin  of  the  appioiunBle  tunc 
T  in  seconds, 

3.  Enter  Table  XLV.,  with  the  arc  B  il  the  top,  and  the  tine  T  si  the  side,  and  find  the 
corresponding  coirectian  ;  to  the  logarithm  of  whicli  add  the  twoGtsllo^riiliuii  above  found  i 
Oie  aiim,  rpjecling  10  in  the  index,  will  be  the  coirectiun  of  the  appruiiiiiale  thne,  lo  be 
applied  witli  the  lumc  nga  ai  the  aic  B,  and  the  correct  value  ol'  T  will  be  obtained,  which 
will  express  the  longitude  of  the  place  of  obaerratiun,  il'  il  be  west  fmoi  Greenwich ;  but  if 
the  longitude  be  rut,  we  muatsublnct  this  value  of  T  from  Uih.  to  obiain  the  true  longitude 
in  time  east  bom  Greenwich. 

EXAMPLE  U. 
Suppose  'hat,  in  a  place  in  west  longitude,  on  the  ICth  of  September,  1830,  the  nxun'i 
blifhl  limb  passed  the  meridian  in  3m.  S0s.6C,  siderai  time,  before  the  star  Antares.     Rs- 
qtured  the  longitude  of  the  place  of  observalion. 

la  Iba  NiutLul  Almsiwc,  coIumB  4,  Un  nir  Asuraa  or  a  Bcorpll>i  rliht  aiccnilan, 
Sept,  16,  1836.  was ISb.  IBm.ea-.OT 


The  foar  right  saoensions  to  be  taken  Irom  the  Nantieal  Almanac,  are  those  corresponding 
lo8cpleuiberl5,^  c,  September  16, o.  c,  September  l6,Le.,  and  ii^plember  17,  c.  c.,  being 
the  same  as  those  in  the  preceding  example,  where  we  liavc  found  A^3(hu.  6(ta.74^ 
lt)60s.74,  Bs  +  61s.ia.    The  rest  of  the  oalcnlatioa  is  as  foUows  :— 


ConxSDI  Los.  4.t3MS    i 

r>tli.  Camp.  Lot.  e.TJSSS        

.71 t^.  a.76396  EqusliDD  TsliLs  XLV.  SlSS.... 

=  13SMs.T..1j|.  4.13aw  CgnMtloDftn.33bG=U3s.«... 


This  longitude  urees,  within  a  fraction  of  a  second,  with  Ihe  rail 
nimed  in  Eismple  I.;  aiwerving  that  the  compulpd  ri^ht  ascensio 
h.   IGtii.  Oia.ti,  beini;  the  same  as  that  which  is  suppo«d  to  be  obsi 


value  of  the  longitude 

It  ascension  in  Example  1,  is 

,,       I  to  be  observed  in  tlie  present 

When  the  dilTerence  of  meridians  is  small,  we  may  compute  tlieir  ditferEiice  from  the 
ebeerved  diDerence  of  the  times  of  llie  moon's  transit,  bj  means  of  the  arc  H,  deduced  ihm 
enlumn  G  of  the  table  of  moon-culminating  stars,  bj  the  following  rule  ; — 

RULE. 

To  ant^Hite  thi  iifftraut  of  meridiAm  by  mtaiu  <^  the  are  H. 

1.  To  the  constant  logarithm  3i>563n  add  the  arithmeticaJ  complement  of  the  logantnm 

of  the  arc  H,  and  the  toga/ithm  of  the  difference  of  the  times  of  the  moon's  transit  over  the 

two  meridians  in  siderai  lime;  llie  sum,  rejecting  10  in  the  index,  will  be  the  logaritlmi  ot 

the  difference  of  meridians  expressed  in  seconds  of  time 

EXAMPLE   IIL 
Suppose  that, in  a  place  west  from  Greenwich,  Sept.  IG.ISSG,  the  moon's  briKhllimb  passed 
the  meridian  in  20m.  OSa.SO,  siderai  time,  sfler  the  star  Antares.     Required  the  longitude. 

It  sppesrs  \>y  column  4  of  the  table  of  monn-eulminating  stars,  tliat,  on  September  lli,  the 
turhl  ascension  of  Antares  was,  10b.  lOiii.  23s.07.  Addmg  this  to  90m.  IISs.SO,  we  get 
idi  3[lm.  !5«.37  for  the  right  aaunsion  of  the  moon's  bright  limb  at  the  time  of  iu  transit 
(iver  tlie  miridian  of  the  place  of  observation.  Bobtiacting  from  this  the  lime  of  Iranut 
at  Greenwich.  IGh.  3Tm.  12s.45,  taken  from  column  4  of  the  table  of  nioon-culminating 
Mars,  we  get  3m.  ISs.PS  =  13^.93,  for  the  difference  of  the  Umes  of  the  trnnaits,  to  be  used 
Id  the  above  rule.  Moreover,  the  arc  H,  corresponding  to  the  time  of  tlie  transit  at  Green. 
w^h,is,  b;  column  6  of  the  table,  H  —  lfitis.TT.    Then  we  have, 

ConiUnI  Li>f .  3.U<t30 
AnHsltb.TT ArMi.  Cam|i.  I>ii,  IMATS 


DKDirence  of  tosfluids  SOni.  S 


(n  strictneH,  the  value  of  H,  here  used,  ought  to  be  increased  a  little)  for,  by  column  6  ol 
the  preceding  table,  its  value  for  Greenwich  la  l.Ms.tiU,  and  for  a  place  in  the  longitude  of 
I2h.  west,  is  I&6S.77.     The  difference  between  these  two  values  of  H,  is  5s.l5,  which  repre- 


tfc  increment  corresponding  to  a  change  of  lah.  in  the  Inn 
!«•  for  a  change  of  1  h.  in  thelongitude  ;  and  at  this  rate  the  mcremcui  mr  ine  longiiuoe 
I  ^9s.3  will  be  Os.304.  which  wiQ  be  increased  lo  Os.36,  if  we  notice  the  correction  b! 
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second  diffi-rences  dppFiidinK  an  the  are  B,  tad  compute  the  uc  H  u  in  Biamplr  1. 
Hrnstf  the  value  of  thi'  ate  U,  correspuDding  to  the  mendian  of  llie  plu«  of  nbacnrntiim.  i* 
|".0ii.7T4-{lii.;(B=  Ia7«.ir).  If  we  take  the  mem  of  the  value*  of  H  at  Greenwich,  IStk.TT, 
■nd  al  Ihe  [ilice  of  otnerTution,  IIj7b  16,  it  become*  H  ^  l6t)*.B0,  and  with  tbii  we  m^ 
repeat  the  above  caJculatiou,  and  obuin  a  corrected  temlu 

Uomuiil  Ltf.  3JSB30 

Cfxncutf  iinll  =  ]SS*.0S. AHU.Cosp.  Lof.  7.KI«I 

U^ttcnna  uf  timn  dT  IrauU  13^^ Lm,  a.lCM 

CorTscldimnnnur  kiof  tuda  SHin.  48s.«  =  3a48i.E Log.  3,IS4I0 

In  general,  the  longitude*  oT  places  where  aaeh  abaerratinn*  are  made,  are  knows, 
within  ■  lew  aeoonda,  so  liiat  il  will  be  eaay  to  find  at  once  the  vilue  of  the  arc  H,  com- 
RDnndinu  to  the  eitimaled  meridian  which  htla  midway  betwwn  the  mpridian*  of  the  Iwo 
pUce*  o?  nlioeniitian  ;  tht  meridian  of  Greenwich  being  naed  as  one  of  thine  places,  whek 
the  times  of  tranMiI  given  by  Ibe  Nautical  Almanac  are  used  as  if  tbey  were  actual  obser 
VBlions.     We  shul)  give  the  fallowing  ezsinple  uf  thi*  method  -. — 

EXAMPLE   IV. 

In  1  place  whose  longitude  was  known  In  be  Kli.  38m.  S9b.  W.  from  GreenwKh,  it  wa* 
found  byobeeivation,on  September  Hi,  ]S3l>,  iJiat  the  moon's  bright  limb  passed  ibe  roeridi- 
an  lliu.'4l>*Ji,  sidrrat  lime,  before  the  tranait  of  tlie  star  AldebaruUi  and  in  anoliirr  place, 
eatimated  to  be  Iflhn.  in  longitude  weal  from  tlielinitplaae,orin3b.56m.tt!ls.  W.,tlie  obanveJ 
difference  of  the  ixansil*  was  Hid.  5o*.0.  Required  the  difference  of  longitude  whicb  lesulla 
from  llii*  ubaervation. 

The  mean  of  lliese  two  longitude*  is  3h.  4tJni.  '£}».,  and  we  have  found  in  Eianiple  1., 
that  tlie  arc  H,  correspunding  to  Ihia  meridian  on  Ilial  daj,  was  15.')s.3U.  Moreover,  the 
diffirence  of  the  two  time*  urttanut,  3in.  4(>sii,  and  2m.  5!iii.O,  is  51b2  ;  then  we  have,  u 
in  tlie  teat  exuuple, 


niffkniiHorionflliuliT Wn.  Ilb.3=19(tt.3 Log.  3.0801)3 

Aid  l.uiiimrle  ofihs  lint  placa 3h,  3tt      99  .0  

GlnsllwluagKurJaufUisBsuuid  place  Mi-  tain.  31«.3  W.,ss  ilkdsducsil  Ontu  Itita  utasnaiicB. 

PROBLEM  XVIL 

tKwn  tht  hngiluika  qf  Iht  tvn  and  noon,  and  the  moon's  latitude,  to  find  Iktir  ditlamM, 

RULE. 

Find  the  difference  of  the  two  longitude*,  and  to  its  log.  cosine  sdd  the  log.  couno  of  the 

moon'*  latitude ;  the  aum,  rejecting  10  in  the  index.  wMl  be  the  log.  cosine  of  the  auught 

distance,  wliich  will  be  of  the  same  affection  *  a*  the  cufiereiice  of  longitude. 

EXAMPLE. 

July  SOlh,  iF^ft.  at  noon,  mean  time  at  Greenwich,  by  the  Nautical  Almanac,  the  sun  s 
longitude  was  1 17°  43*  31",  the  moon's  longitude  l'J3<>  40*  OS",  and  the  UUtude  -Jf*  41'  10"  K 
Bequired  their  distance. 


.    T«  M  M CmIm  gJMtaa.  as  la  tbt  Nautical  Almanss 

This  is  calculated  by  another  method  in  Biample  111.  of  Probtem  XVIII.    In  this  rale, 

the  sun'a  taUlude  ia  nfgtected,  beic        .       -     -- 

■  The  distances  being  calculated 
problem.  Ihfy  may  be  interpulalei 
example  will  serve  for  an  iliustralic 

EXAMPLE. 


the  sun'a  taUlude  ia  neglected,  being  only  a  fraction  of  a 

'  The  distances  being  calculated  trnai  noon  and  midnight  by  Ihia  (or  by  the  following) 
problem,  they  may  be  interpi>laled  fur  every  three  hour*,  by  Problem  I.     The  following 


I  aid.  Oh.,  respectlvi-ly  7(1°  W  ;15",  7li°  I 
'  distancea,  July  20d.  at  :Ui.,  6h.,  and  Uh. 

inlhrrsn-kulfHMir  ItoiU*.. , 


iramXr.imttiklmtk 


TO  FIND  THE   DISTANCE  OF    I'HE   MOON   AND  A  STAR  iQl 

\mmnta.  |  M  dHr«i«« 


as  93  a 

AI3K. 


5  t''   M 


M  eta.  =79  07  M 


Thne  diatancM  tgn«  with  tbe  NKUtiul  Alnuuuo. 

PROBLEM   XVIII. 

Gt'rm  Uu  longUtuUg  and  latiltidt$  of  the  moon  and  a  star,  lofatd  Ikeir  diHanet. 

RULE. 

To  the  log;.  Kcant  of  the  diSbnncp  al'  longitude  of  the  moon  and  il&r,  sdd  the  ]og.  tsneenl 

of  the  ({ivKtett  latitude  ;  the  iium,  rejecting  10  in  tlie  index,  will  be  the  log.  tangent  lif  an 

arc  A,uf  theauneaSectian  ai  the  difference  of  longitude.    Take  the  nn  of  the  are  A,  and 

the  least  laLtude,  if  the  [atitudea  are  of  ■  diffatnt  name,  bul  their  differmct  if  of  the  «un) 

■lame,  and  call  thia  aum  or  difference  the  arc  B.     Tlico  add  tO)(ether  the  log.  aecant  of  tlie 

■tUference  oflon^tude,  the  log.  aecant  oT  the  grealeat  latitude,  the  log,  coaine  of  the  arc  A, 

and  the  log.  Kcinl  of  the  arc  B ;  the  aum,  rejecting  30  in  the  indE'X,  will  be  the  log.  aecanl 

-*,!._   j!_- _j--i._ — J  _, —    _.|_.    l'   „:|i  i_  ,j  .!.„ _a.__,!__   __  n 


of  the  diatance  of  the  moon  and  ator,  which   Till  be  of  the  ai 


Eteqnlred  the  distance  of  «be  moon  from  the  atar  a  Penal,  at  noon,  mean  time  M 
Greenwich,  July  9d.  ia%,  when,  by  the  Nautical  Almanac,  Die  moon'a  longitude,  counted 
trtOD  the  mean  equinox,  w*a  5»°  «V  3S",  and  her  latitude  0°  {iiy  15"N.i  the  Inngitudv  (4' 
the  alar,  computed  t  ai  in  Problem  XIX.,  being  351°  lif  !£»>',  and  ita  latitude  Itf"  IH' 2t)"  N. 


Thia  dlitance  agree*  with  the  calculated  value  giTen  in  page  H6  of  the  Nautical  Almanac. 

We  maj  obaerve,  that  the  tog.  aecant  of  the  diatance  ia  alao  equal  to  the  aum  of  the  iaa 
eoaecant  of  the  greatest  latitude,  the  log.  aine  of  the  arc  A,  and  the  log.  aecanl  of  the  arc  B, 
rejecting  IW  in  the  aum  of  the  indicea;  liul  the  above  rule  is  in  general  moat  convenient,  on 
account  of  (he  amallneaa  of  the  greateat  latitude,  except  when  the  diHereace  of  longitude  ia 
Dearly  equal  to  9U°, 

We  may  nae  the  aatne  method  for  finding  the  diitance  of  the  moon  from  the  aun,  stnr,  nr 
a  planet,  when  their  right  aacenainn*  and  deciinationa  are  given,  inetesd  of  their  inngiludea 
and  latitudes.  The  ru^  ia  tbe  aune  aa  that  we  have  given  above,  changing  lini^iiiJt  into 
right  (UCBnnoK,  and  latitude  into  daiamluni.  To  eiemplily  thia,  we  aliall  compute  ills 
aame  example  by  thia  lecoiid  method. 

EXAMPLE  II. 

Required  the  diatance  of  the  moon  fVom  the  etar  a  Fegiai,  at  noon,  mean  time  at  Green- 
wich, July  9d.  I83fi,  when,  by  the  Nautical  Almanac,  the  moon'a  right  aacenalon  waa 
67'  IS'  01"  from  the  mean  equiuoi,  the  moon'a  deelinalion  SI"  S*  55"  N. ;  the  aUr'*  right 
Hcenaion  from  the  aame  equinox  344°  W  20",  and  the  atai'a  declinadon  14°  IQ'  33"  N. 

•  ■•rlihtami>iaB.'.".'344  N  99 


t  Wa  havs  wsGnrM  UkM* 
Taola  XXXVII, 
:  Tbi  »■  nun  be  naad  If  U 
I  Tka  tM  aianlia  jaed  IT  11 


mSti/tnmi 


.C'.OO'^lc 
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Thii  i'lUen  3"  from  the  former  method,  from  the  nefflect  of  the  tentlu  of  *  lecond  in  the 
u>|[Iri,  auil  rroiD  not  taking  lite  loguitlmM  la  G  or  7  placei  of  Sgnrtw. 

EXAMPLE  Ul 

Julv  SO,  183(i,  It  noon,  mean  time  at  Oreenwicti,  bj  Ibe  Nsutical  Almanac,  the  nu'l 
riirlK  lurinaion  wu  ilifi  AT  JO",  the  lun*  declinaUon  S0°  SS*  SU"  N.,  the  •uoua'a  right 
•M^iuiun  lu-je  45' U7",  and  tb*  moon'!  declioaiion  ««  fi&' 03"  8.    Required  tbelt  di  


lut  U  an aa  86  H 

DiauHofli]  vrovas" 

Thu  agree!  with  the  diataoM  inarked  in  the  Nautical  Aluunao. 


mi" 

fronith 

long 

tude,  in 

to  beta 

PROBLEM  XIX. 

CfHMR  the  ri^  OKtiuvm  and  dedmatioH  i^a  edutiid  olgect,  vitk  &e  mean  obliqmty  ^ 

tit*  tdifiie  £,  tafavl  t(j  iotifptudt  aid  tatUvdt, 

RULE. 

To  the  log.  tangent  of  tb»  deelination  add  the  |u.  eoeecanl  of  the  right  aaeeiuion  of  tbe 

■bjirrt ;  the  auin,  rejecting  10  in  the  index,  will  be  the  log.  tangent  of  tbe  arc  A,  to  be  taken 

out  Ifw  tJinn  !)0°,  and  cJled  tiortk  or  Mmitlt,  aa  the  declination  ia.     If  the  right  uceriBion  ii 

lew  than  I  tW°,  call  the  obliquit;  of  tbe  ecliptic  fna,-  if  aloM  180°,  lurtt.     If  A  and  E  are 

of  tJie  aame  naine,  talte  tbeit  aum,  otherwiie  llwir  difierenca,  which  call^B,  and  inuk  it 

with   thr    aame   name  aa  the   pealer   number,  whether  N.  or   B.      Then  add  tngptlier 

the  log.  iFcant  of  A,  tbe  log.  ooaine  of  B,  uid  the  log.  tangent  of  tbe  right  aacention ;  tbe 

«uin.   rejecting  'id  in  the  index,   will  be   the  log.  tangent  of  the  longitude  in  the  aanie 

■aadrant  ■■  the  right  aaceniion,  unleaa  B  be  greater  than  W,  in  which  caae  the  quanlity 

loiind   in  the  aame  quadrant  aa  the  right  aacenaion,  aubtracted  from  %0°,  will  be  tlv 

loDgitude. 

Tu  Oie  log.  aine  of  the  longitude  add  the  log.  langenl  of  B ;  the  lum,  rejecting  10  in  tbe 
indei,  will  be  tl>e  lag.  tangent  of  the  latitude,  of  the  same  name  aa  B. 

Ksmark.     Aa  the  Tnblea  of  this  collection  are  not  marked  above  1H0°,  jon  mnataubtract 
"  '  '    '     aacrnaioD,  when  it  exceeds  that  quantity,  and  find  tha  log.  tangt^nt  and 

remiunda ;  and  then  the  arc,  correaponding  tr  the  \aa-  tangent  of  tbe 
ikun  of  the  nine  aflectinn  a*  thii  remainder,  and  180°  added  thereto  ; 
Hie  auni  will  br  the  longitude,  imleaa  B  ii  greatfr  than  90°,  in  which  eaae  thr 
of  that  aum  to  3(iO°  ia  to  be  token,  aa  obaerTed  above. 

EXAHFLE. 

rrnmthe  Nautical  Almanac  we  find,  that.on  the  Oth  of  JoTj.lSnR,  the  right 
a  Pc-gaai  waa  'iih.  UIiii.  JTa.3i'ir>i  344°  if  itO",  iU  dechnation  14°  IW  32"  N.,  a 
obliquity  of  the  ecliptic  2J°  •JS'  36".     tlequired  ita  hingitudc  and  latitude. 


Thia  longitude  ii  counted  trom  the  mean  equinox,  Jul;  9d.  IB36,  and  if  we  wiah  to 
reduce  it  to  the  appun-nt  equinox,  we  muat  applv  to  the  pieoeding  longitude  the  equation  of 
the  equinojte*  deduced  from  Table  XL.,  which  U  neorlj— 13"^  ao  tiiat  the  longitude, 
rnunted  from  tlie  apparent  equinox,  la  351°  13'  17",  and  the  apparent  latitude  l'J°24'^'  N. 
We  have,  in  thii  ciampte,  taken  the  right  aocenaion  and  declination  of  the  atar  from  the 
Nautical  Almanac,  where  they  are  given  to  fractions  of  a  aecond  ;  which  ia  mote  accurate 
than  Table  VIII.,  where  the  decUnationi  are  given  to  the  neareat  minute.  We  may, 
however,  uae  the  numbera  in  Table  Vlll.,  when  great  accuracy  is  not  requiivd,  correcting 
(br  the  aberration,  as  in  the  precept*  to  Table  XLl.  Tbe  numben  computed  in  thia  proUem 
agree  nearly  with  the  rcaulta  obtained  from  Table  XXXVII. 


t  Ttw^ftroHlaUbauaadiribg^tdiaaiinuaraorUH 
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PROHLIilM  XX. 

Tht  loagAjdt  and  tntUiukof  a  aUtlial  obitd  btinff  givtn,  imth  Int  m*an  oUii/mtg  •' 
Uc  tctiplie  ^  l»Jmd  the  right  lucennon  and  dtcHnatuni. 

To  the  log.  Ungenl  of  the  Utilude  mid  the  log.  C(»ei»nt  of  Ihe  longitude ;  the  inni, 
rejecting  10  in  the  iodei,  will  be  the  log.  tuigent  of  the  ere  A,  which  ia  U>  be  cbIW  nvrM 
or  smUA,  u  the  latitude  ii.  If  the  longitude  la  len  thui  IbO",  cnll  thf  obliijuity  E  turlA  ;  if 
■bove  IttO",  toitlJi.  If  A  tnd  E  ere  of  the  lume  n«ine,  tnke  tJieir  sum,  otheiwioe  Iheii 
lUffertHce,  which  cdJI  B,  muking  it  with  the  ume  nnine  u  the  greater  number,  I'hen  sda 
tcjgether  [he  log.  lecant  of  A,  the  log.  coiine  of  B.  and  the  log,  tui|rent  of  the  longitude;  the 
iiujn,  rejecting  20  in  the  index,  wiU  be  the  log.  tangent  of  uie  right  iscpnaion  in  the  ume 
qundrant  as  Uie  longitude,  anleii  B  be  greater  thsn  Tfl",  in  which  ease  the  qnanlit}!  found 
ill  till;  same  quadrant  u  the  longitude,  KHilracted  from  360°,  will  be  the  right  aicennion. 

To  ll?e  log.  Bine  of  the  righl  ucension  add  the  log.  tangrnl  of  B ;  [he  turn,  rejecting  10 
in  [he  index,  wilt  be  the  log.  tangent  of  the  declinaLon,  of  ilii'  aame  name  m  B. 

Rtmark.     If  the  lonptude  eieeedi  IHO^,  you  must  aubtract  lttD°  from  it,  and  find  the 

_  _  — __  J  1.  _    _i..i ....j._      1.1 (,  correnponding  to  tlie  log.  tangent 

*"  added 


thereto,  will  be  the  right  ucenaion,  unlesi  B  je  grester  tlian  !I0°,  in  which  caae  the  suppli 
■^■— aobsei      "  "— 


the  nght  aneniion  ii  to  be  taken  of  the  same  affection  as  thia  reniaindrr,  and  IHO°  1 
■ion,  uniesB  B  ie  grester  tlian  ilO",  ■ 
be  taken,  as  wu  obserTed  befbre. 

EXAMPLE, 

Oq  the  9th  of  Julj,  1B36,  the  appnrent  longitude  of  the  aUr  a  Pesaai  wsa  71A°  l?  99 ', 
lunled  from  Ibe  mean  equinoi,  the  ntBr'e  apparent  latitude  \<.Y>  24' Hfl"  N,,  and  the  meu 


oounted  from  Ibe  mean  eqninoi,  ....  .    _       , , 

obliquitj  of  the  ecliptic  33°  37'  3d".     Required  ila  right  aacenaion  and  declination. 
Ulllnila....    WMV Tanj.    9H«ia 


The  aaaamed  longitudea  in  thia  example  ue  the  aame  u  thoie  eomputed  in  Problem  XIX. 
b;  meanr  of  the  right  aaeeniian  and  declination  taken  from  the  Nautical  Almanac;  being 
rather  more  accurate  than  the  reanlts  of  Table  XXXVIl.  The  right  >M:en>ion  and  declina* 
lifiD  computed  in  Ihii  example,  agree  with  thope  iMumed  in  ProUem  XIX,,  whieh  aervea 
■1  a  proof  of  the  correctneai  of  the  calculation. 

If  the  given  longitude,  latitude,  and  ohliqoity,  are  the  mean  Talnea,  the  reanlting  right 

: 1  J — 1. — .: —  jj,j]j  |j^  (Jig  jnoin  valnea;  but  if  the  propoaed  quanti"^ 

will  sua  be  cran 


rected  for  aberration  and  nutation,  tlie  renulting  quanlj 
remaik  is  equally  applicable  to  the  preceding  problem. 


c  crarecud.    Thia 


,  SPHERIC  TRIGONOMETRY. 

Moat  of  the  rulea  giren  in  the  preceding  pmblema  may  be  eaxAj  demonatrated  b* 
Spheric  Trigonometry.  Aa,  for  example,  that  of  Problem  aV]|.  may  be  iuTealigated  aa 
follows  :~ln  Plate  XIV.,  lig.  1,  let  A  be  the  place  of  the  moon,  C  that  of  the  aun,  CP  aa 
■re  of  the  ecliplic,  and  AP  a  circle  of  latitude  paacing  through  the  moon,  and  cutting  tbe 
ecliptic  at  right  angles,  at  P.  Then  the  diffeience  of  longitude  of  the  gun  and  moon  ia 
equal  to  (he  arc  CP,  and  the  moon  a  latitude  ia  AP;  whence  the  distance  AC  may  be  found 
by  the  rule  of  Napier,  radlui  X  cos.  AC  =  eoa.  AP  X  Cos.  CP.  This  in  logarithms  givea 
log.  COS.  AC  =  lng.  coa.  AP-|-lo^.coa  CP  — log.  nditia,  which  la  the  formula  made  uae  of. 
Want  of  room  preTenta  the  insertion  of  the  demoiutiationa  of  the  methoda  of  calculating  the 
other  problema. 

The  celebrated  rutea  given  by  Lord  Napier,  for  solving  the  problems  of  right-angled 
•pheric  trigonometry,  being  very  easily  remembered,  are  niuch  made  use  of  by  matlieiiiati- 
eians.  In  a  paper  communicated  by  the  author  of  thia  work  to  the  American  Academy  of 
Arti  and  Sciencea,  and  published  in  the  third  volume  of  the  lirst  aeriea  of  the  Memoirs  of 
that  aoctety,  a  method  waa  given  for  the  more  easy  application  of  those  rulea  to  oblique 
apheric  trigpnometrj',  and  aa  Aie  tablea  of  thia  colleeljon  mav  aometimes  be  made  use  of  in 
•olving  varioua  problema  of  spherics  besides  those  given  in  the  Ibrmer  part  of  this  work,  it 
was  thonght  proper  to  insert  this  improved  method,  with  the  fbrmnlas  most  frequently  mada 
tNe  of,  to  enable  any  person  acquainted  with  apheric  trigonometry,  to  make  use  of  tht 
Itblea,  without  the  trouble  of  referring  to  another  work  for  the  rulea. 

In  every  right-angled  apherio  triangle  tlierc  arejiri  cireii£ar  paru  ;  namely,  tbe  two  leg! 
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■lie  complement  of  'lie  'j'jiitcnufe,  and  the  enmpleinFnla  of  the  two  obiique  uglM,  whld 
ur  nsTiied  niljiitcmt  at  ovpatUe,  according  to  their  poBiIions  with  reft|>ect  to  each  irther.  Tin 
right  luiglr  it  not  includpd  u  one  of  ihe  circular  put>,  neither  it  ii  suppoBed  to  nepuitr  thi 
lega.  In  ill  mnm  oT  right-uirled  ipfaeric  trigunotnetry,  two  of  tJieir  parts  are  gitea  In  fim 
the  third.  If  thf  Ihrcv  part*  join,  that  which  ii  in  the  middle  is  calWd  the  middle  part :  il 
Ihu  tliree  parts  do  not  Ji>in,  two  of  them  must,  and  Ihe.  otlipr  part,  which  is  seinrale,  ia 
called  the  middle  psrl,  and  the  other  two,  oppoaite  puts,  a«  in  Plate  XIV.  fig-  I,  «-  Them 
putting  tlie  radius  equal  to  unity,  the  equationi  given  hy  Napier  will  become 

Sine  of  middle  partv  Rectangle  of  tho  tangenta  of  Ihe  adjacent  parti. 
^Rectangle  of  the  coamei  of  the  opposite  part*. 
The  method  of  applying  these  Milutiona  lo  the  varioua  easea  of  rifht-angled  (ohetic 
trigonometry,  is  very  simple,  and  is  explained  in  several  treatises  To  apply  the  nivinoa  to 
oblique-angled  spheric  trigonometry,  Lt  is  Dccessary  to  dividr?  the  triaiifvle  into  two  tight- 
angled  spheric  triangles,  by  means  of  a  peTpendicuW  A  P  (Plate  XIV.  Hg.  3,  4,  5,  H.)  let 
&li  from  the  point  A  upon  the  ot>p-»ite  side  BC ;  the  perpendicular  being  to  chosen  um  to 
nuike  boo  of  tite  given  UiiiigM  fiiu  w  one  of  Uu  nghl-aiigttd  triuHgles  ;  or,  in  other  worda.Ita 
mrpeniuuluT  ought  to  As  ietfatlfrmt  tkt  end  of  a  ghtn  lida  and  iippontt  to  a  ginen  anglt.' 
Each  triangle  thus  found  contains,  aa  above,  five  circular  parts,  the  perpendicular  beioa 
counLed  and  bearing  the  same  name  in  each  of  them ;  consequently  the  purls  of  each 
triangle  timiliiriy  siiuiled  with  reajjeot  to  the  perpen  die  alar,  must  have  the  same  name. 
In  every  case  of  oblique-angled  apherie  IriffDnometry,  there  are  three  parts  given  to  tind  a 
fourth  ;  and  In  making  use  of  the  method  of  a  aolotion  by  meani  nf  the  peipendiculac,  then 
will,  in  general,  be  two  of  these  parts  In  each  of  the  triangles  ACP,  ABP,  aimilarly  aituated 
with  respect  to  each  other.  To  each  of  these  must  be  joined  the  perpendicular  AP,  aikd 
there  wiA  be  three  paiti  in  each  triangle,  which  are  to  be  named  muldit,  adjacent,  or  Dfjw 
(Kc,  according  to  the  above  directions.  Then  the  eqoations  for  solving  all  the  cases  of 
tight-angled,  and  all  except  two  cases  of  obliqae-angled  spheric  tngonomelry,  are, 

(1.)  Situ  middUpart 

These  equations,  when  applied  lo  right-angled  spheric  triangles,  sifnify,  as  before,  thai 
the  sine  of  the  middle  part  is  equal  to  the  rectangle  of  the  (angeuti  of  Ihe  adjacent  puts,  or 
to  the  rectangle  ofthe  cosines  of  the  oppoeile  parts ;  bal  when  applied  to  in  oblique-angled 
triangle,  they  signify  that  the  sines  of  the  middle  parts  are  proportional  to  the  tangents  of 
the  adjacent  ^rla ;  or  that  the  aines  of  the  middle  parts  are  proportional  to  the  cosines  of 
the  opposite  parts  of  the  same  trlatule  ;  observing  that  the  perpendicular,  being  common  to 
both  irinneles  APB,  APC,  and  bearing  the  snme  name  in  each  of  them,  mufrt  not  be  mBil> 
use  of  in  the  analogies,  nor  counted  sa  a  middle  part-  This  can  produce  no  embarrvsament, 
because  the  cases  of  oblique  spheric  trigonometry  may,  in  genera],  >«  solred  in  the  shortesl 
manner,  without  calculating  the  perpendicular. 

The  first  esse  not  included  in  tbe  above  rules,  ia  where  the  question  is  between  two  tides 
■lid  the  opposite  angles,  which  may  be  solved  by  the  noted  tlieiireiii,  that  the  sines  of  the 
■ides  are  proportional  to  the  sines  of  the  opposite  angles,  or,  as  it  may  be  expressed  in  an 
abridged  form  for  more  etty  reference,^ — 

(^i.)  Sine  lids  oc  nns  opp.  angU, 

This,  combined  with  the  above  improved  formula,  furnishes  a  complete  solution  of  the 
various  cases  of  spheric  trigonometry,  except  where  three  sides  are  given  to  find  an  angle, 
or  (which  is  nearly  the  tome  thing,  by  taking  the  supplementary  triangle)  three  angles  lo 
finil  a  side.  The  above  nilea  (marked  1,  2.)  are  simple  in  their  form,  and  the  Grtl  vaiiei 
but  little  froi-  ■'- -■ "--  "--■ -'--  -  ' ' ..-..— 


CASE  1.     Plate  XIV.,  fig.  3,  4,  5, 14. 
Given  JC,  ^B,  and  the  oppoiiU  angU  C,  to  find  BC,  and  the  aagie*  A,  B. 

[n  the  right-angled  spheric  triangle  APC,  are  given  AC  and  C,  and  by  marking  it  as  m 
fig  2,  CP  may  be  found  by  the  rule  nns  mid,  ^  Imtg-  adj.,  which  gives  sine  (co.  C)  ^ 
Untr  CPxtang  (co.  AC)  or  tang.  CP>s  cot  C  x  taug.  AC.)  Then,  in  the  triangles 
ABP,ACP,  are  given  AB,  AC,  an(rCP,to  find  BP.  If  to  these  is  joined  the  perpendicular 
AP,  it  will  be  found  thai,  in  the  triangle  ACP,  the  complement  of  AC  is  the  middle  pan 
IBS  in  fig.  3,)  and  CP  an  opposite  part.  The  biangle  ABP  is  to  be  marked  in  a  slmitai 
manner.     Then  the  rule  tins  mid.  oc  eat,  ojip.  givei  tme  (co,  AC)  :  cot.  CP  : :  tine  (co.  AB) . 


rasas  II.  IV.,)  k  will  sanondly  prodiiri 
■  MX  divlte  lbs  nfifW  snilr  or  sMi 


Drill  UmgBU  and  ciiiuic  arc  1h<  «<na  ai  Iha  flnH  tstlsi  •  nf  «itiuti<l  snd  ffmHt. 
md  ill  mil  eisnpla,  aifRlBai  ^n^MtiuHi;  ihui,3iiE  xslinlflei  ttutsi  la  pr 

» Is^likms  oftlM  sscAod  nssibtr. 


SPHERIC  TRinriNOMKTRT  iftS 

en.  BP,  and  BC^BP  +  CP.  By  Bukinf  the  icviiKiits  u  In  fig.  4,  the  raiti  tint  mU.  a. 
ImKg.  adj.  givei  Bint  CP  -  (Uif .  (co,  C)  : ;  line  BP  :  tang.  (co.  B).  Hiving  round  BC,  iba 
uiirW  A   nia^  he  found  by   tEe  rule  (in*  nJe  cc  line  ojip.  rnigU,  which  gives  iine  AB  : 

nnr  C  : :  »ine  BC  :  mine  A 

n  Uie  To]  In  wing 


.  adj.  ffivea,  by  msrking  u  in  Rg.  I ,  sin?  (co.  AC)  ^= 
t.  CAP  =  CM.  ACxtana   C;  and,  by  nurkLiiK  ■      " 
Sg.^,  the  rule  (nine  mid.  oc  tai^.  adj.  or)  Ijag.  adj.  cc  tint  mid.  givn  tang.  (co.  AC)  : 


CAP)  ;:  tang,  (co.  AB)  :  una  (eo.  BAP)  ;  Uieo  A->BAP^CAP.  By  marliing  the 
nents  at  in  fig.  U,  Ihe  rale  (nnp  mid.  oc  coa.  opp.  or)  cm.  cpp.  oc  nna  miif.  givM 
(CO.  CAP)  ;  i.inp  {co.  Cy.-.am.  {co.  BAP)  :  sine  (co,  B)  or  line  CAP  ;  Co..  C  ^ ;  >ine  BAP : 

ooa,  B.    Having  A,  C,  and  AB,  BC  may  be  found  by  tile  rule  tiru  lidt  oc  tine  opp.  attgle, 

which  givea  sine  G  :  sine  AB ; :  aine  A  :  une  BC. 

CASE  11.    Phte  XIV.,  fig.  3,  4. 
Givtn  ACy  BC,  and  &e  inJuded  an^t  C,  lojhid  AB,  and  Oit  anght  A,  O. 

The  rule  tint  mid.=tang.  adj.  givei,  na  in  Case  L,  tang.  CF  =  caa.  C  X  tang.  AC; 
then  BP  =  BC  ^  CP,  nnd  the  rule  cot.  i/py.  QC  tine  mid.  givvi,  by  marking  at  in  ilg.  3, 
COS.  CP  :  linp  (CO.  AC)  ; :  coa.  BP  ;  sine  (co  AB,)  and,  by  marking  u  in  Hg.  4,  the  role 
tint  mid.  cc  IMng.  nrfj.  dvet  aine  CP  :  tang.  (co.  C)  : :  aine  BP  :  Uns.  {co.  B).  Having 
Rtand  AB,  «>  may  fmif  A,  by  the  rule  tine  tide  CC  tint  opp.  anglt,  which  givei  aine  AB  : 
line  C  : :  line  BC  :  sine  A. 

ir  thr  anrle  A  hnd  been  required,  and  not  B,  it  irotild  have  been  ihorter  to  let  the  per- 
■endicular  lall  fVoni  the  point  B,  by  which  meana  the  required  angle  A  would  not  be  divided 
^to  arginenta.  In  thia  cue,  the  aide  AB  and  tlie  angle  A  might  be  found  in  ■  aimilar 
nanner  to  that  by  which  AB  and  B  are  found  above. 

CASE  ni.    Plate  XIV.,  fig.  3, 4, 6, 14. 
Oittn  Iht  angUt  C,  B,  and  the  eppotUt  aide  AC,  tofatd  BC,  AB,  and  lie  angle  A. 
ITw  rule  cine  mid.   =  tang.  adj.  giveB,  a*  in  Caae  I.,  tang.  CP  =  co«   C  X  tang.  AC. 
llien    the  rule    tang.  adj.  oc  r'nt  vud.    gives,  by   marking  as  in    tig.    4,  tang.  (co.  C)  : 
aineCPi^tang.  (co.B):  aine  BP;  then  UC  =  CP^BP.    Again,  the  rule  ov.  o^';!.  a:  nnewia 
'      ~        I,  CP  :  aine  {co.  AC)  : :  cos.  Bl" :  sine  (co.  AB).      Having 
w  ojip.  atigle  gives  sine  AC  -.  sine  B  : :  sine  BC  ;  aine  A 
OtAflWif— The  rule  tine  mid.  =  tang.  adj.  givea,  as  in  Case  I.,  cot.  CAP  =  cos.  AC  X 
lang,  C,  and  the  rule  nna  mid.  oc  ecu.  0]ni.  icivos,  by  mariiing  aa  in  fig.  14,  sine  (co.  C)  : 
eoa    (CO.  CAP)  ;  -.  aine  (co.  B)  :  coa.  (co.  BAP)  ur  cos.  C  :  sine  CAP  :  :  cos.  B  :  aine  BAP 
and  A<eCAP  +  BAP.     Then  the   rule  tine  mid.  cc  Uu^.  adj    gi^n,  by  marking  as    iu 
fig.  i>,  sine  (eo.  CAP)  :  tang.  {co.  AC)  : ;  sine  (co.  BAP)  :  tang,  (co    AB).     Having  found 
A,  the  ruU  tint  tide  cc  ai'iu  opp,  angle  givri  sine  B  :  aine  AC  : :  sine  A  :  sine  BC 

CASE  IV.    Plate  XIV,,  fig.  5, 14. 

Gilwn  the  anglet  A,  C,  and  Ihe  inelvded  tide  AC,  to  find  AB,  BC,  and  ihe  angle  B. 

The  rule  tiia  mid.^  tang.  adj.  givea,  aa  in  Case  I.,  cot.  CAP  =  coa.  AC  x  tnng.  C 
and  BAP=A  +  CAP.  The  rnle  tine  mid.ailang.  adj.  fives,  by  marking  as  in  fig.  5, 
line  (CO.  CAP)  :  tang.  (eo.  AC) : :  aine  (co.  BAP)  :  tang.  co.  (AB).  The  rule  cos.  omi,  ix 
nna  mid.  nvea,  by  marking  aa  in  fig.  14,  coa.  (co.  CAP)  :  aini-  (co.  C) : :  coa.  (co.  BAP) 
aine  (co.  B)  or  sine  CAP  :  coa.  C  ::  aine  BAP  :  cos.  B.  Having  found  B,  the  rule 
tint  tide  oc  riiu  opp.  angle  ptes  nne  B  :  sine  AC  : :  sine  A  :  sine  BcT 

irthe  aide  BC  had  bran  reiguired,  and  not  AB,  it  would  be  shorttr  to  let  the  pHrpendioulat 
Ul  from  the  point  C,  by  which  meana  the  reijuired  aide  BC  would  not  be  divided  into  seg- 
mentt.  In  Ihia  case,  the  side  BC  and  Ihe  angle  B  might  be  found  in  a  similar  manner  1* 
tint  by  whir.h  AB  and  B  are  found  above. 

CASE  V.     Plate  Xiy.,  %.  3 

Given  AB,  AC,  and  BC,  lofind  either  qf  the  angta,  at  A. 

PntS  =  i(AB-}-AC+BC).    Then  the  ancle  A  may  be  found  by  either  of  llie  follow 

inf  theorems,  in  which,  Tor  brevity,  the  words  tine,  cotini.  But.,  are  uaed  fur  log.  mat 

"*'  ^L^a-«'»'(B-AB)  +  «ne(B-AC)  +  co«e.AB  +  co.ec.AC-80 
9 
lA     Coa  1  A  — I  "°"S  +  '^(S  — BC)-f-coTc.  AB  +  ooaec.  AC— flp 

*  r       ,,i.,  CoOt^lc 


CARE  ri.     Plato  XIV^  fig.  1. 
Oioth  Ihf.  angUt  A,  B,  C,  Uijiad  titlur  nfOit  Midts,  oi  BC. 
i>atS  =  i  (A4-B-f-0.     Tbeii  the  lide  BC  out  be  fbnnd  bj  BJlhe-.'  of  the  fol  »WMg 
fhsoienu,  kdipted  to  laguithmi,  oa  in  tbs  but  example. 
<5.)  Sine  i  Br.,'^-i°e3  +  cod,..<8-A)  +  oo,«i.B  +  co«>c.C-ao 

9 
(6 )  Coaine  1  BC  _™*'"g  (^-~^) +  "■'*'"»  (^—C)  +  co«wi-  B  +  eopec.  C  —  80 

9 
The  above  include  all  the  cuei  of  Oblique  Trigonomet-*.    The  3(1  and  4th  Caaea  maf 
•x  aolved  in  a  dilTereiit  manner  by  the  following  theoienu,  whirh,  on  lome  occuiona.  ntaj 
'  lecj  UBeful.    Thus,  both  the  aoglei  iu  Cate  II.  may  be  found  by  ihe  foUowinf 


(7.)  Sine  i  (AC  +  BC)  :  rine  1  (BC  OD  AC)  ; :  eoL  i  C  :  tang.  1  (A  —  B). 
(8.)  Conae  i  (AC  +  BC)  :  coaine  t  (BC  no  AC)  : :  cot.  i  C  :  tang,  j  {A  +  B). 
i  (A  —  B)  i>  len  than  90°,  and  )  (A  +  B)  ii  of  the  aaine  afTectlon  aa  J  (AC  +  BC) 
The  aum  and  diilbrence  oTlbe  tenni  1  (A  —  B)  and  ^  (A  -f-  B)  will  give  A  and  B 

Both  the  aides  in  Cite  IV.  may  be  fonnd  thus : 

(9.)  Sine  4  (A  -f-  C)  :  sine  i  (A  n  C)  : :  tang.  ^  AC  :  tang.  1  (UCtC  AB). 

(10.)  Cosine i  (A  -f  C^  -  ooaine i  (A  »  C) ; :  tang.  1  AC :  tang. i  (BC+  AB). 


"Hie  improved  rule  for  sohriag  tbe  caasa  of  Obli-mr  Spheric  IWonometiy  bj  the  oirculat 
pniti,  may  be  eaailj  deduced  from  thoae  given  lij  Lord  Napier.  Tor  if  we  put  M  for  the 
ini<l<Ue  part,  A  tor  the  adjacent  part,  and  B  for  the  opposite  part  of  the  trinnffle  APC. 
(fif.3,  4,5,  H.Plate  XIV.,)  m,  a,  b,  for  the  corresponding  parts  of  the  triansle  APB,  and 
P  Tor  the  perpendicular  AP  ;  then  if  P  ia  an  adjacent  part,  the  rules  of  Napier  wil) 
_        sine  M  „      ^ne  m    ,  une  M       sine  « 

gno  tang.  P  = — -I  and  tang,  r  ■■ —  ;  hence —  •= ■ — ■  ;  conseqdenllj, 

tang,  A  tang,  n  tang.  A      tang,  a 

■ine  M  :  tang.  A  :  :    hine    n    :    tang.    a.       If    P    is   an    opposite   part,    the    Mune    mis 

„    ,              _      line  H                   „        line  m     .          sine  M      aine  m 
mil  giTO  cot.  P  = .  and  cos.  P  ^ 1   hence  . =^ i    conseoMatli. 

*  COS.    B  GO*,    t  COS.    B  COS.  t 

auie  H  .  ecs.  D  ' :  sine  m  :  cm.  ft,  wUeh  are  the  two  rules  to  be  de-nonstratcd. 


izedbyGoOglC 


'  TO  FIND  THE  LONGITUDE  OF  A  PLACE  ^g^ 

PROBLEM  XXL 

7^  find  Ihe  hngiiudt  of  a  fHaa  hy  an  tdiptt  oftht  (tin,  tehen  the  btgaming  i  r  tiut  it 
cbttTval ;  Utt  appartnt  time  icing-  tMrnaUdfrvn  noon  to  noon,  ateoniiiig  to  tkr.  v^tUiod 
^  aibiinatnen ;  the  tatitude  of  I&  plact  beinf  alta  knatou. 

RULE. 

r.   With  the  longitude  by  acooDDt,  find  the  correipnndin^  Gr«enirich  mian  time  of  Ihs 

ofaacTvation.     For  thli  timt!,  take  out  from  the  NuutiRKl  Alinaniic  the  son's  right  uepiHin<i, 

decliDution,  iind  teiui-ditfaelei,  the  boriiontal  parallkiea  of  the  lua  and  moun,  sad  Uie 

2.  Reduce  the  latitude,  and  the  Hoon'i  horiiODtol  panllkz,  by  lubtneUng  the  eoireclion* 
A>iB«  in  Table  XXXVIII. ;  and  nubttact  rrniu  tlie  inuon'*  correcled  horizontal  panllu  th« 
mn'a  horiinntal  panllai,  and  the  remaiiulei  ii  the  relative  paiallai. 

3.  To  the  pmpurtional  lofnrithm  or  Uie  relative  parallai  add  tlie  log,  aecant  of  ths 
ledaeed  latitude,  the  oaoaUol  lonrithtn  1.17bl,  and  the  lew.  ooMcant  of  double  the  obaerved 
ume  from  noon;  (tli la  double  time  being  regarded  aa  P.  M.  in  uaiag  Table  XXVII,,  unlew 
h  eiueedi  tweWe  houra,  in  which  ooae  the  excen  above  twelve  houra  ia  to  be  regarded  aa 
A.  M.i)  the  aun,  rejecting  -20  in  the  indei,  ia  (S). 

4.  To  the  aum  (S)  add  the  log.  coaine  of  the  moon'a  deoliDatJoD,  4iul 


4.  To  the  aum  (S)  add  the  log.  coaine  of  the  moon'a  deoliDatJoD,  4iul  Ibe  conatant  log 
}JOtO  ;  the  aum,  rejecting  10  in  the  index,  ia  the  proportionil  loa.  of  an  arc  in  lime,  whtoi, 
«>d>mcted  from  the  obaerved  time  from  noon,  pvea  the  coirecled  time  from  naao. 

6,  With  the  corracled  time,  the  rednoed  latitude,  and  the  aun'a  decJIoalion,  calculate  bf 
Rule,  page  '^17,  the  aun'a  true  altitude. 

tf.  'To  the  log.  aecant  of  the  anii'i  tme  altitude  add  the  log.  lina  of  doable  the  coriecbid 
ttBM  from  noon,  (thia  doable  tinia  being  r«^ded  aa  P.  M.  or  aa  A.  M.,  in  ths  aame  way  M 
before,)  and  the  log.  coeiiie  of  the  rcdu^d  latitude  ;  thu  aiun,  rejecting  20  in  the  index,  ia 
the  log.  aiae  of  the  pualUetic  angle. 

7.  To  Ihe  profmrlianal  loc.  of  Uie  relative  parallax  add  the  lo^.  aaoant  of  lh«  parallaclw 
angle,  and  the  loe,  secant  M  the  sun 'a  true  altitude;  the  aum,  rejecting  !J0  in  the  indei,  in 
the  pmportinnal  Uig.  of  Ihe  correction  for  declinntion.  Thia  correction  ia  of  Ihe  aame  naina 
with  the  latitude,  when  the  obaerTdd  time  from  noon  ia  leaa  than  six  houia,  and  of  tJit  dif 
ftient  name  when  this  time  ia  greater  than  six  hoiira.  Correct  the  aun'a  decliuation  by  adding 
to  it  the  correction  lor  declination  if  of  Ihe  aaine  name,  and  aubtra  cling  if  of  the  different  name. 

B.  To  the  aum  (S;  add  the  log.  coalne  of  the  sun'i  corrected  decllnal'on;  the  aum,  rejecting 
10  in  the  index,  is  Ihe  prnpurtional  log.  of  an  arc  in  lime,  whiuh  ia  the  correction  for  rii^hl 
■acfaiaion,  and  ia  additive  if  the  lime  is  afWmoon,  but  aubttaclive  if  the  lime  ia  forenoon. 


by  the  factor  in  the  annexed  lahle  corrcaponding  lu  tl 

the  prodact,  divided  h^  100,  ia  an  arc  ex^iresBed  in  seconda,  whioh.anbtracted 

from  the  aun'a  aeml -diameter,  gives  the  aun's  corrected  semi  ■diameter, 

10.  To  the  proportional  logarithm  of  the  moon'a  horiir>nUJ  parallax  {nal 
eerrtctei)  add  tlte  ocniaUnt  ktnriliira  U.SMti ;  the  aum  ia  the  propertional 
kwarithm  of  the  moon'a  aemi-diameler. 

11.  When  the  obaervation  ia  the  beginning  or  ending  of  an  eclipse,  the 
dlctanoe  of  the  centres  of  the  aun  and  moon  is  found  bj  adding  the  sun'a 
eorrected  aemi-dlameter  to  Ihe  moon's  semi-diami-ter.  Hut  when  the  obaer- 
TStion  is  that  of  the  beginning  or  ending  of  total  darkneas  in  a  total  eclipse, 
or  thtt  of  the  formation  or  of  the  breaking  up  of  the  ring  in  an  angular 
eclipae,  the  distance  of  the  centres  of  the  sun  and  moon  is  found  by  Inking 
the  dill^rence  between  the  sun'a  corrected  senii-diainelf  r  and  the  moon's  semi-diaiiu'ter. 

18.  Aaaume,  from  inapecUon  of  the  Nantical  Almanac,  a  convenient  time  whc-ii  the 
moon's  right  ascension  dUTcrs  but  little  Tti\m  tlie  sun'a  corrected  right  ascension,  and  for  this 
.;__  ._u_    _ igdj  ascensions,  and  new  declinnlions  of  the  aun  aud  looon.  and  Iheir 

that  of  the  ann  , 

The  difference  between  the  hourly  motion  of  the  moon  in  declination  and  that  of  the  sub 
M  the  n-.ative  inolion  in  deciination. 

Correct  the  sun's  nan  right  aocenaion,  by  adding  the  correction  for  right  oacennan  whem 
It  ia  ailditive,  and  subtriu:tin|r  when  it  la  pubtractive. 

Correcl  the  aun'a  nnta  declination,  by  adding  the  correction  for  decltniUon  when  il  ia  of 
the  oame,  and  subUacting  il  when  il  ia  of  Hit'  diffen'nt  name. 

14.  Sabtract  (he  logarithio  of  the  diffeienoe  Ix'twi-en  the  win's  new  eorrecled  riirht 
Mcetuion  and  the  moon'a  right  aaeenaion  from  the  1i>garithm  of  the  relative  motion  in  rii;hi 
taeenaioii,  and  call  the  remainder  R. 

15.  To  the  remainder  R  add  the  conatani  lay,  0  4771  ;  the  aum  is  the  proporUonal  logm 

la.   To  tlta  icmaindor  R  add  tlie  oroportional  logarltlnii  of  the  relative  motion  in  deetin^ 


horary  motions  In  right  oacenaion  and  declination  by  I'mblema  I.  and  II. 

13.   From  the  hourly  motion  of  Ihe  mnnn  in  right  ascension 

1*1..,  .l:du....» —  i.-i ^u*  1 .._!„  — ^..., 


BY  AN  ECLIPSE  OF  THE  SUN. 


IVIielher  llii« 

If  the  moon'!  molion  in  decUnation  i*  i  {^'' 
irUie  lun'a  new  corrected  right  ucfniianu 
Iflhesumof  theiendmbereuj^^;  |tli 


the  flr«t  QDinber  !■  {  g  ( * 
'  t  than  the  iiin'i,  the  lecaDd  number 


The  remit  si 


n,  the  third  di  ,    , 

( additive,      ) 
I  Bobttactin.  j 

To  Ihe  lonncfam  of  ibe  relative  inotion  in  right  aaoeniioD  add  tha  log.  cowne  of  Ik* 
moon'a  nev  declination,  (not  correclfd,)  and  call  tlie  aum  (S,). 

18.  To  the  Bum  (S,)  add  the  proportiimal  logarilhni  of  tbe  rElalive  motion  in  declinaticn, 
and  the  nonatant  1o^uithni7.i4!i7  ;  the  reaull  ia  ih^  logarilhin  cotangent  of  the  jtrMorbitiea 
(Dclioation,  which  u 

^-  J  when  the  ann'j 

19.  To  the  proportional  lonrithm  of  the  diflerence'betwepn' the  a 
eofreeled  and  ihe  mooif'a,  add  the  knrithm  aecant  of  the  first  orbitical  inclination,  and 
rmin  the  aum  deduct  the  prop,  logariuini  of  the  diatance  between  the  cenliea  of  the  ann 

'  e  lenuinder  ia  the  Tog.  xfcant  bf  the  aecond  orbitical  inoliDBtion,  which  haa 
when  the  obaervatioa  ia  on  J  1^^^"' 


-!c"'l 


?.!- 


Thia  inolination  ia  greater  than  00°  when  the  ann't 


law  corrected  declination  ia  gt«atn 
tham  if 


20.  ^dd  together  the  two  orbitical  InclinatinnB  ifof  the  jam  name,  ai 
of  difftteiU  namtia  ;  and  oal]  the  remit  the  relative  inolination,  which  m 
name  ■■  the  greater  of  the  two  orbitical  inclinatiooa. 

To  tlie  log.  cnaecant  of  the  relative  inclination  add  the  atim  (B,),  the  proporbonal  tof.  of 
the  dialance  of  the  centres  of  the  aun  and  moon,  and  the  coDatant  log.  T.eilttj ;  the  aqia. 
rejecting  SO  in  the  index,  ia  the  prop.  log.  of  an  ara  in  time,  to  be  applied  to  the  vna 
ctwrected  time  to  get  the  mau  time  at  Qreenwieh  i   it  moat  he 

lubtncted  i  ^^'"'  ^^  relative  inclination  i«  J  a ' 

91.  Bjappljing  to  the  Oieenwieh  mean  tinM  the  equation  of  time  taken  fhnn  pa^fe  n  at 
the  Naattcal  Almanac,  we  ahall  have  the  afyraiit  linu  at  Otrenwich  ;  the  diffinvnM 
between  it  and  the  apparent  time  of  obaervatioD  will  ahow  the  tongitade  of  the  pUce  Ina 
Gieenwieh. 

EXAMPLE. 

Suppose,  at  a  place  in  the  latitude  iSfi  31'  13"  N.,  and  eattmated  longitude  4b.  i^ta.  38a.fl 

tbenu/ofaaalarvclipae  waa  obterved,  November  30,  lt£M,  at  4h.6ni.  47a.5  a      '^- 

Stquirtd  tie  longiiudt. 
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gQ0  TO  FIND  THE   LONGITUDE  BY  AK  OCCULTATION 

niOBLEM  XXU 

Tnfind  Ae  hn^Uudt  of  a  ptatx  by  an  oeeuUatiim  <(f  a  ttarbjftke 

lime  being  titiamledfivm  noon  lo  noon,  aeeonting  to  Ihe  mttltod  ^' 

Inliivdf  ^  Ihe  filaet  being  Imoif^ 

RULE. 

With  thp  lougilade  by  Rivnaiit  Stid  t)ie  coimpanding  Greenwich  mean  time  of  obaer- 
TBlian.  For  thi*  time,  Uli?  out  rrom  tbe  NauticiJ  Aiininac  the  lun'*  right  tm*ia\on,  llw 
moon'i  horlionlal  par&llii,  nod  her  declination,  to  Ihr  neuvit  roianle 

Reduce  the  tolilude  of  the  place,  and  the  moon'i  hariioDlal  parallai.  bj  nibtncliiif  Iba 
correctiona  found  in  Table  XXXVllI. 

To  the  lun'a  rirht  ascenaioii  add  the  oppartM  time  of  ob«eT*«tii»i ;  the  aam  will  gi*e  the 
right  (Bceniion  of  the  meridian. 

Take  fram  the  tables  "  fnr  facilitating  the  oomputation  of  occultatJun*  of  certain  atan  bj 
the  inonn,"  in  tbe  Nautical  Almanac,  tbe  (lar's  right  aacenslon  and  declination.  Tbe 
difference  between  the  right  aacenaion  of  tbe  meridiaa  and  the  alar'a  ri^t  aacenaian  will 
give  the  bour-uigle  of  the  atar,  which  convert  into  degrees,  Ac,  naining  it  idbM  when  tbe 
rigbt  aacenaion  itf  the  meridian  ii  grtata  than  the  itsr'i  right  aaeenaion,  and  aut  wbas 

To  the  proportional  logarithm  of  the  nuion'a  corrected  boriiontal  panllax  add  tbe  hqr 
aecant  of  the  redoced  latitude,  and  the  log.  cosecant  of  the  hour-angle,  rejecting  10  in  each 
index.  To  the«iB(S)  odd  the  loc.  cosine  of  tbe  moon's  decliMtioa  end  tbe  conMant  loga- 
rithm 0.3010;  the  rpault,  rejecting  10  in  the  index,  will  give  the  proportional  lognrithm  of  an 
arc,  which,  aoblracted  from  the  hour-ansle,  will  give  the  hour-angle  earreoled. 

Take  out  the  following  logarithma,  and  place  them  beneath  each  other,  in  two  columns : — 
the  propoltional  log.  of  the  moon's  corrected  horiiontal  parallax  in  both  colnmna ;  ths 
aeoanl  ol'  the  star's  deolinatioo  in  ool,  1,  and  its  coaeoant  in  0(d.  9  \  the  ooaeraat  vS  tbe 
reduced  latitude  in  col.  I,  and  its  secant  in  col.  2;  and  the  secant  of  the  corrected  hoar 
angle  in  col,  U.  The  anm  of  the  logvithnia  in  col.  1  will  glte  the  prop.  log.  (^  an  arc  ^ 
the  mnu  name  aa  the  latitude,  and  the  sum  of  the  lonrithms  in  col.  S  will  give  the  pnp 
log.  of  an  arc  of  a  d^arait  name  from  the  star'a  declination,  when  tbe  honr-inrie  is  foi 
tbrn  90°,  but  of  the  anme  name,  it  greater  than  90°.  Tbe  sum  of  these  arcs,  having  regard 
tr  .heir  namei,  will,  bring  applied  to  the  star's  declination,  give  the  declination  corrected. 

To  the  sum  (S)  add  the  constant  Ids.  1.1761,  and  the  log.  oosine  of  the  star's  correctril 
eclination  \  the  sum,  rejecting  10  in  Oie  index,  will  be  the  prop,  log,  of  an  are  in  time 
lobe  addtd  to  the  atar' ■  right  ascension  when  it  is  uaMofthe  meridian,  but  suif rutsd  when 
our,  to  obtain  the  atar'a  right  aaeenaion  eorrented. 

Find  in  the  Nautical  Almanac  the  time  when  the  moan's  right  ascension  is  near  to  tU 
of  the  star  corrected,  and  for  this  time  take  nut  the  moon's  right  BH:eniion  and  declinalWB 
and  their  hoorl;  variations. 

Subtract  the  common  log,  of  the  difference  between  the  corrected  right  aaeenaion  of  tb) 
star  and  the  right  aaeenaion  of  Ihe  moon  from  the  common  log.  of  the  boarl;  metion  if 
right  ascension  ;  to  the  remainder  add  the  canatant  log.  0.4771  ;  la  the  same  remunder  adO 
tbe  prnportlonal  log.  ofthe  hourly  motion  in  declination.  The  foma  aum  will  be  tlie  pro 
portiunal  log.  of  a  time  to  be  added  to  the  assumed  lime  when  th>  star's  rigtat  asoension  Is 

Culsr  than   the  moon 'a,  otherwiae  ntblrnaed,  to  obuin  the  (iniE  arrrtrltd.     The  latter  will 
the  proportional  log.  of  a  correction  of  ti 
name  aa  the  hourl;  variation  when  the  .alar'a  right  oi 
right  aaeenaion,  but  wilh  a  iligertal  name  when  Uu. 

To  the  common  log.  of  the  hourly  motion  in  right  sscension  add  ibe  log,  coaine  of  Uw 
moon's  declination  ;  to  the  sum  (9,),  rejecting  10  in  tbe  index,  add  tbe  proportional  log.  of 
Ihe  hourly  motion  in  declination,  and  the  constant  log.  7.1437.  Tbe  result  will  be  the  \of 
cotangent  of  Ihe  first  orbiticsl  inclination,  and  must  have  the  lime  name  aa  the  honily 
molion  in  declinaUon,  when  the  star  is  luirth  of  Ihe  moon,  bnl  a  difertnt  name  when  mrii 
of  the  moon. 

To  tbe  proportional  log,  ofthe  ditference  between  the  star  s  declinatioa  corrected  and  tbe 
moon's  declination  corrected  add  Ihe  cnnstant  En^,  fl.4X>4,  and  the  log,  aecant  of  the  pre 
ceding  orbilical  inclination,  rpjpcting  10  in  Ihe  indei,  and  from  the  sum  aubtract  the 
proportional  log.  of  the  horiiontal  parallax  ;  the  reiiiaiiider  will  be  the  \of.  aeeani  of  tbe 
■econd  orbitical  inclination ,  which  must  be  named  S.  when  the  observation  is  an inaiersies, 
and  N.  when  an  tmernm. 

Add  together  the  two  orbilical  inclinations,  having  proper  regard  to  their  namea ;  and  to 
Ihe  I'ig.  cosecant  of  thia  aum  add  Ihe  preceding  sum  (S.),the  proportional  log.  of  the  horiiontal 
pBral)aT,Bnd  Ihe  constant  Ing.  ti. 1844.  The  aum  will  be  the  proportional  log.  of  a  correction 
lo  be  applied  to  the  time  corrected  to  get  the  mean  time  at  GrteMeiek  ;  added  when  Ihe  aim 
ofthe  orbitical  inclinalin.ia  ia  N.,  aiibtrncted  when  S. 

Apply  the  e^uationof  time  to  this  Greenwich  mean  time,  and  we  shall  have  tbe  Green- 
wich ajrparent  time  ;  the  diiference  between  it  aitd  llie  apparent  time  at  tbo  place  of  €lh•t^ 
<ation  will  give  the  loi^tude  repaired  nut  when  the  tinw  al  Ore«nwich  la  the  gfsalsal 
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ON  WINDS  AND  STORMS. 


Tfli  euth  is  Burronnded  by  &  Gne,  iiiTisible  uid  elastic  fluid,  called  otr  j  which  woor 
ifHikoo  ot  in  its  geasTal  relations  to  the  earth,  is  called  the  atmosphere.  Its  InciiioheM 
wei^t  or  (ireasuie  upon  the  earth's  surface  it  detenninea  b^  means  of  the  banimeter 
■nil  ia  equal  to  a  colunu  of  mercirj  at  about  thirty  inches  in  height,  si  the  aea  leral 

Wind,  ia  uf  in  moUon.  It  ia  found,  that  in  almost  ever^  countty  and  in  every  sea 
the  ^rind  ia  more  or  kiss ,  predominant  in  a  particular  direction.  Tna  moot  rttaarkatilt 
of  these  general  winda  ajre  dlstingulahed  by  several  names,  u  tradt  winds,  monaooiu, 
tariaile  windt,  4<=. 

The  tradt  winds,  are  found  between  the  equator  and  the  30th  parallels  of  north  and 
south  latitude,  where  the  wind,  for  tbe  most  part,  blows  from  the  eaatward :  but  neat 
the  eastern  borders  of  auj  ocean,  the  trade  winJs  usuallj  blow  more  towards  the  eqna 
tor  than  in  ita  mure  central  portions ;  while  on  the  western  borders,  the  wind  aot  un&e. 
auently,  blows  in  a  direction  which  is  more  or  less  outward  from  the  equator. 

The  fTioruMTTU,  which  are  chiellj  found  in  the  Indian  seas,  are  reg^Uar  altematinm 
of  the  trade  winds,  which  blow  for  six  or  eight  months  in  their  re^ar  course;  but, 
during  the  other  portions  of  the  vear,  are  replaced  by  a  wcateiiy  wmd:  which  is  pro- 
bi^iy  a  deflection  of  the  trade  wind  from  the  opposite  side  of  the  equatw.        ' 

The  variable  mnds,  are  chiefly  found  extending  from  the  oatward  borden  of  tbo 
iTsde  winds  to  the  polar  regions ;  although  subject  to  frequent  changes,  both  of  velocity 
and  direction,  yet  their  pr»]ominatkng  direction  is  found  to  be  from  a  western  quartei 
being  opposite  to  the  general  course  of  the  trade  winds.  The  variooH  moveioeDta  of 
these  winds  are  often  exhibited  in  diflerent  strata,  superimposed  one  upon  another ;  and 
heee  moTementa  viewed  in  their  extended  relationa,  are  doubtless  connected  with  tboae 
of  the  trade  winds. 

The  land  and  sta  hreexes,  aie  daily  altematicmB  in  the  direction  of  the  geperal  winds, 
near  the  shores  of  an  island  or  continent.  They  uipear  to  be  oocmeoted  with  the  daily 
changes  of  temperature  at  the  earth's  surface.  The  sea  breeze  generally  sets  in  about 
ten  in  the  forenoon  and  continues  till  about  five  or  six  in  the  evening :  at  seven  the  land 
breeze  begins  and  continues  till  about  eight  in  the  morning. 

A  taluTliBind,  is  a  phenomenon  which  is  ollen  violent  and  dangerooa.  The  identity 
of  viaterspouli  and  whirlwinds  was  maintained  by  Franklin,  and  although  at  a  later 
period  this  has  sometimes  been  questioned,  it  appears  to  have  been  done  witbotit  mf- 
ncient  reason.  From  the  equal  distribution  of  the  atmosphere  as  the  envelop  of  our 
earth,  it  results,  that  no  violent  wind  can  talte  place,  except  by  means  of  a  movement 
which  is  more  or  less  circuitous  in  its  character,  and  in  cases  of  great  violence,  the 
wind  is  exhibited  in  the  form  of  an  active  vertex  or  whirlwind ;  whicn,  if  isolated  izam 
Other  violent  winds  and  of  email  extent,  is  often  called  a  tornado  or  waterspout. 

Waterspouts  and  whirlwinds  follow  the  course  either  of  the  surface  innd,  or  of  a 
higher  current  of  air  &om  which  they  are  sometimeB  depended;  or  their  course  may 
be  modified  by  both  these  influences,  without  being  absolutely  determined  by  eithar. 
They  abound  most  in  those  calm  regions  which  are  found  near  the  external  limits  oi 
the  trade  wiitds  and  in  like  regions  near  the  equator. 

Storms  and  /airricams,  have  from  the  earliest  periods  bren  considered  as  the  chief 
dangers  encountered  by  ^e  navigator.  It  wan  discovered  by  Franklin,  that  northeast 
■turms,  in  the  United  States,  pursued  a  retrogressive  oourse,  commencing  sooner  in 
Pliiladelphia  than  in  Boston.  Careful  atteatioa  havingbeengiven  to  thepheoamenaof 
the  Atlantic  storms,  1 1  later  years,  it  has  been  found  that  they  exhibit  certain  charae- 
teristica  of  great  uniformity.  The  most  violent  of  these  storms,  often  known  by  the 
name  of  kurrieanes,  appear  to  conimence  in  the  intertropical  latitudes,  eastward  of  the 
West  Indies,  where  their  course  is  towards  the  northwest,  till  approaching  the  latitude 
of  30°,  their  westerly  progress  ceases  and  their  track  becomes  recurved  to  the  norl);- 
ward  and  eastward ;  in  which  latter  direction  their  progress  usually  becomes  accelerated. 

On  the  annexed  chart,  the  routes  of  several  of  these  hurricanes  are  shown  by  dotud 
lines,  which  indicate,  somewhat  nearly,  the  center  of  the  track  pursued  by  each  hur- 
ricane in  its  daitv  progreBs,  on  such  part  of  its  route  as  has  become  known. 

The  rate  at  which  uese  storms  advance  in  their  course,  is  from  eleven  to  thirty  miloi 
an  hour;  their  average  progress  being  about  seventeen  miles.  This  cannot  explain  the 
velocity  of  the  wind,  which,  in  the  most  violent  part  of  the  gale,  sometimes  exceeds 
W  oc  100  miles  an  hour:  but  the  observalioiH  by  wfaiab  their  oouiae  and  vriocitr  hava 
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■Ma  determined  hsre  rIbo  sbown,  that  theae  stonnB  bcI  in  the  majiner  of  great  whirl- 
vinds,  turning  coastantly  to  the  Itfl  uouod  theii  moving-  axis  of  rotation :  the  mo*l 
Tiolent  portion  of  the  gala  being  found  toward  the  interior  or  heart  nf  the  storm. 
Hence  it  ia  also  found,  that  the  direction  of  the  wind  in  a  gale,  for  the  most  part,  doen 
not  at  all  coincide  with  its  line  of  pTogresa. 

When  a  stotm  is  about  to  commence,  the  latitude  of  the  ehip  will  indicate  its  proba 
ble  course,  xa  ia  seen  on  the  above  chart,  and  the  direction  of  wind  which  the  storm 
first  presents,  may  serre  to  determine  the  portion  of  the  gaie  under  which  the  ship  i' 
Likely  to  fall,  either  by  preBerring,  or  altering  hei  course;  as  well  as  the  change 
oompBiative  violence  of  the  wind,  to  which  she  will,  m  either  ci 


In  the  hurricane  figiires  which  are  found 


Itie  wind  always  DIowb  ecrotM  the  path  of  the  BMrm  on  the  cettltr  of 


3,  be  exposed, 
the  chart  on  tracks  1,  S,  and  7,  the  curved 
arrows  show  the  various  directions  of  the 
wind  in  different  portions  of  the  advan- 
cing storm:  but  in  order  to  exhibit  this 
more  perfectly,  the  annexed  dingtim  may 
be  referred  to.  The  outward  circle  n'( 
this  diagram  represents  the  true  points  of 
the  compass,  and  the  curved  arrows  in  the 
fisure  within,  represent  the  rotary  motion 
of  the  gale,  and  serve  to  show,  somewhat 
nearly,  the  direction  of  the  wind  in  all 
parts  of  tiie  storm.  The  irulieator  C, 
ahowB  the  general  coarse  of  the  storm  in 
the  intertropical  latitudes,  which  as  the 
storm  moves  onward  to  the  higher  lati 
tndes,  changes  gradually  round  to  NK.  am; 
ultimately  to  nearly  east.  Thus,  on  iha 
coast  of  the  United  Stales  northward  ol 
Charleston  or  Cape  Hatteras,  the  gale,  on 
ils  eenlral  section,  will  beinn  Irom  K.  to 
SE.  and  its  close,  af^r  the  passage  of  its 
center,  will  be  from  the  NW.  quarter;  fof 
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Toward  the  outwaril  aiBrgiii  of  lbs  norm  or  Tomou  nwti  the  cenier  of  :is  psih,  tne 
Mie  beconiM  itua  sBVttre  and  the  chan  m  of  wind  iih^d  UTaduii  and  less  baiardoua. 
The  navi^iuir  should  so  lay  his  ship,  there&re,  aa  to  ttnud  the  heart  of  the  stoim,  and 
at  tli«  aMte  time,  lo  lake  the  changes  of  wind  which  are  Ui  follow  in  the  most  favo*. 
■Me  manner. 

It  will  be  found  more  ditlicult  to  form  a  jnst  estimate  of  the  direction  and  cbaugea 
nf  tho  approaching  ^le  iji  the  latitudes  near  the  outward  borders  of  the  trade  wio^ 
and  thence  to  31°  or  32°,  than  In  other  latitudes;  for  here  the  slorm  is  rapidly  chajig> 
UK  ii3  course,  and  the  changes  of  wind  cannot  therefore  be  so  accurately  eatimated. 
Id  toiu/i  UUitudei  the  course  of  Btorma 
is  found  to  be  in  the  reverse  ordet  to  [hose 
which  are  traced  on  the  chart ;  their  pro- 
gresB  being  norlhviesterly  in   the   iotev- 
ttopical  latitudes,  while  un   approaching 
^the  latitude  of  30^  south,  they  recum 
towards  the   loulh  and   snulheait.     Tha 
rotary  moliim  of  the  gaie  is  also  in  the  op- 
posite direction  from  that  which  is  found 
in  the  northern  hemisphere,  bein^  to  l/tt 
right,  around  the  moving  axis  of  rotation, 
as  is  shown  in  the  annexed  diagram  fbi 
south  latitude.     The  indicator  C,  hen 
shows  the  storm  as  moving'  soulhwesteriy. 
and  a  gradual  change,  by  south,  to  south 
east,  will  show  the  various  directions  aod 
changes  which  pertain  to  the  progress  o' 
the  storm  in  different  south  latitudes. 

When  the  coarse  of  a  ship  at  the  com 
mencement  of  a  gale,  is  found  to  be  acro« 
Di.p.™ror«..u.i«..«i.  j^e  track  of  the  storm,  the  direction  m 

well  as  force  of  the  gale  may  be  greatly  affected  by  this  gradual  change  of  posilioik. 
These  changes  of  wind,  as  wel!  as  those  to  widch  a  stationary  vessel  would  be  exposed, 
by  the  onwsjd  movement  of  the  storm,  may  be  understood  by  consulting  the  chart  and 
diagrams :  the  latter,  for  the  sake  of  omiTeniaoce,  may  be  drawn  on  a  card  and  omI 
upon  the  common  charts. 

If  a  ship  is  hove  too  and  no  atCempt  made  to  avoid  the  heart  of  the  storm,  it  is  afh 
parent  that  her  exposure  may  greatly  depend  upon  the  tack  on  wliieh  she'is  laid.  Tfab- 
was  strikingly  exempli  lied  in  the  Culloden's  storm  of  Maicb,  11^(19,  in  the  Indian  ocean, 
lat.  S3°  S.  The  Cnlloden,  with  a  convoy  of  Indiamen,  louk  the  gale  at  SE.  and  At 
•hifM  which  were  hove  too  with  their  heads  to  the  southward  were  soon  out  of  the  (fbIs, 
while  those  ships  which  stood  on  to  the  westward  were  either  lost,  or  continued  loc  a 


time  exposed  to  the  full  severity  of  the  hurricane.* 
ifugi" 


is  owing  probably,  to  the  centrifugal  actios  of  these  rotative  storms,  that  the  bsi- 
ronieter  always  sinks  under  the  first  portion  and  towards  the  center  of  the  storm,  in 
all  latitudes ;  and  this  fall  of  the  barometer  commonly  affords  the  sarliesl  and  surest 
indication  of  the  approaching  tempest.  When  the  cenier  or  axis  of  the  storm  hu 
passed,  the  baroraeiar  commences  rising,  whether  the  wind  has  already  been  violent  or 
not,  and  in  some  positiona,  as  off  the  Cape  of  Good  Hope,  the  last  part  of  the  storm 
with  a  rising  barometer,  usually  exhibits  the  greatest  violence  of  wind.  The  slate  of 
lh6  barometer  should  alvrays  be  recorded  at  regnlai  and  frequent  intervals,  in  the  log 
hook  or  journal. 

ObserrationB  on  the  duration  and  strength  of  the  wind  and  the  movements  of  the 
harometer  on  opposite  sides  of  a  storm  have  shown  that  in  most  cases  the  rotary  action 
of  the  wind  ia  not  entirely  uniform  in  its  development;  although  the  cbaracieristio 
movements  of  rotation  are  cleariy  distinguishable.  The  rotation  appears  lo  be  mani- 
t'esKHl  most  equally  in  stonns  which  are  distinguiahed  for  their  activity  and  violence. 

Humboldt  estimates  the  extreme  velocity  of  the  tropical  tornadoes  at  two  or  thrM 
hundred  miles  an  hour.     The  velocity  of  a  heavy  gale  is  from  60  to  100  miles. 

Colonel  Beaufoy  states  that  wind  has  oidy  the  666th  [«rt  of  the  effect  of  water,  when 
moving  with  equal  Teloeity.  He  obaervaa  also,  that  it  frequently  happens  in  violent 
storms  of  wind  ihs  current  does  not  reach  any  considerable  altitude;  for  often  at  th« 
height  uf  1,600  feet,  there  is  a  perfect  calm ;  on  the  contrary,  it  ia  not  nncommoD  fer 
Um  wind  at  coosidetable  elevations  above  the  level  of  the  sea,  to  move  with  rery  ftrent 
oeleriij,  whilst  the  lower  psrta  of  the  sauoephere  remain  in  a  state  of  tranquilitj. 
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Latitudes  aud  LonjcitudeB. 


HeiiuniK , 
DidppointmeDl  Inlands, 
— Wyloohpe  {N.  W.  pt.) 

— Oloohn,  (wnlre) 

TaJBTL,  or  King's  Illuul 

(centre) 

EUrmka  Island,  (cnlnnce 


.1.)  . . 


Kawahe. 

Island,  <8.  pt.) 

AraticK,  or  Carlahoff  lil- 

and,  (wert  end) 

■■     ■  ■      r  Wilson's  I«l. 

and,  (wert  end] 

"  "     r  Peacock  Island, 


end). 


'  King  Gcorge'i  group, 

;  — Tlokea,(S.W.pt.).. 

'  — Oura,  (S.pt.) 

'  Rurick,orArutua  Island, 


end) 

or     Kriisei 


;    TLkeh      . 

tern's  Island,  (N.  pt.). 
MaUiwa,  or  Laiarcff  Isl- 
and, (N.  pi.) 

Melia  Island,  (N.  pi.)... 

r  Apslnki,  (N.pt.) 

<    Elizabeth,  or  Toau   lal- 

nnd.lS.  E.pt.) 

■'Gull  group, 
I    -Tuinaka,      or       Ried, 

(■oath  island) 

—  Tipotu,  or  Bacon,  (S. 

E.  pt.) 

-Obiti,   or  Clule,   (B. 


W, 


pt.)  .. 


St.  Pablo,  (< 

Archangel,  or    Heretna, 

(centre). . . . 
Margaret's,  or 

pi,  (centre) 
Four  Cmwns,  or  Teko, 

Taw. 


t  St.  £ 


-  Resolution    Isl.  (B. 

m.]  (Isl.  near  Sands  "' 
Takurea,  or  Walcoui 

(south  island) 

Two  eroup*,  —  Dauhat- 

da,  Msnaka, 
—South  pt.  south    : 


Tahiti. 


Hai 


'    flnte  Island •.. 

'    --      ..a.   (N.  W.pl.)... 

:  (N.  W.  pt) 


i44  39 
i44  58 


46  5i 

47.59 

i4B  i5 

1 48  a 
i48  iJ 
fd6  39 

P45  49 


'ago-Pafo  hi 


Hulior  of  Af'i,  laianti 
of  Upolu 

Harbor  of  Mataalu,  Isl- 
and of  8a*ui 


Jarria  Island,  (centre) 
Penrhyn's  Island,  (N.pL) 
Wostock,  or  Stasers  *  ' 

land,  (oentre). .... 
Flint  Island,  (centre) 
Phcsnix  Group, 

—  Bimie'slsl'd,  fcenlre) 

—  Eoderburj's    Island, 

(centre) 

'•   ■■■      Island,    (wes 


Gardner's  Isl'd,  (eenlie) 
McKeao's  laid,  (cenlre) 
Union  Group, 

—  Oufu.or  Duke  of  Tork 
Island.  (N,Wj)L). 

—  Nukapano,or  Duke  of 
Clarence  Isl'd,  (N.  pt.) 

—  Pakaafb,  or  Bowdilch 
Island,  [Tillage)  . 

Swain's  Island,  (cer 


Honolulu  hor.,  Oaliu  Isl. 
Uhaina  hor.,  Maui  Isl. 
WaiduK  bar.,  Hawaii,.. 


Necker  Island,  (centre) 

French    Frigate  School, 

or    Basse    de  Fregale 


Smith  Island,  (centre) . 


pit  at  Uti*aa)..      .    . 
Nanouti,    or    Hyde  n  ham 

Island,  (N.  pt.) 

Nanouki,  or   Heiidervill 

Island,  (S.  p(.) 

Kuria,  or  Woodle  Island, 

(South  pt.) 

Apamama,  or  Hopper  Isl- 
and, (N.  pt.) 

Maiana,  or  Hall's  Island, 

(Npl-I 

Tarawa,  or  Knox  Island, 

(S.  W.  island)  . 
Apia,  or  Charlotte 


Ut. 


i4  iBBii 

i3  49 

i3  i8 

4  i5 
.3  34 

8  55 

lo  o5 

3  35 
3  oa 


.7.  2t 

71  38 


176  15 

[i57  5i 
i55  4i 
i55  o3 


i3  45 
N.pt. 
j5  19 
S.pt. 

16  4B 


173  4i 
173  16 
173  54 

173  o4 


TABLE  UV. 

Latitudes  and  Longitudes. 


lyinhi.OTMBtti 

>     ■»(!,(»,  pt). 

Miikin,  or  PiU' 

(S.  pt.) 

t'utnfuti,    or    F.lliw    Iil- 

and,(N.W.  iilsnd).  . 

Kukufetau,    or    Depeyi- 

ter'«l«lBnd,(N.iBl.)... 

Oditupu.  or  Troc;  Isl  nd, 

(centre) 

Hudwn'ilalnnd,  lN.pt.)  ( 
Speiden'i  lal'nd,  (centre)  ( 
St.  Augoitine,  (centre).    ' 

Wslpole  Island,  (oenUe) 
CllxabethfUpf  (N.C.pl.) 
Mathewa'  Rock 

Macquarie'a  laid,  (B.  pt.) 


D.   M. 

r  r73  a6E 


Ofolau  [aland,  (obaerva- 

I,       tnryl 

I    Lecumba  point,  (Sniidal- 

wood  Buy) 

>   Muthunta  W.  (cemetery 

I       on  Island) 

f  Unda  pt.  lensl  enlrsnce 

I        VaniM  Levu] 

<    Rn<ira    Roada,   (Nukala 


Kann  Reer— 

L  pt.  o(  retf. 
Frederick  Reef— 

South  Saad  lalet . , 

North  Sand  blet . . 
i   StDmarea  Reef — 
'       3.  W.  Band  cay 

a  Kelbawafteaf. 
i   LihoD  Reef— 

N.  K  point 

8.  W.  point 


J9  34 
S4  44 
50  34 
[7  4i 

i6  08 


■66  17 

178  53 

178  35 

179  04 
179  55W  ■ 
178  3a  E  ^ 

1 58  19 


Tokannn  pL  (S.  E.  pL 

Vann,  Levu) 

Dvoclion  Island,  01    N. 

Awakalo,  or  Round  I.. 
Malolo,  (AvoTown).., 

Vomo  Island 

Kie  [aland 

Ongea  Island 

Oneata  Island 

NsDuka  Island 

Tartle  Island,  (N.  pt.)  . 

Pescadores  laland,  (ea»t 

Koraokoff  Island,   1 


Benham  a  Iiland,  (south 


Hunter'a  Island,  (cc , 

Bearing's  Island,  (centre] 
McKeniie's  laland,  (r- 


Wake'a  Island,  (oenlre). 

Antious  Roads,  (Island 
of  Panayl 

Caldera  Roads,  (Island 
of  Mindanao) 

Souns  Roads,  (laland  of 
800I00) 

Manghee  lilanda,  (Bala- 
.     baoSttaits) 


Bodi 


luuPn 


Port  ., 


MontaTey.,.!.. 
Santa  Barbarn  . 
San  Pedro 


-Junn 


—  Qoentin 

BartnloRieo  . , 

Mogdalaoa  Bay  ) 
North  Pt  Entr.  ) 


'77  i4 
179  aS  J 
178  3oW 

178  3. 

179  aS 

178  iS 


73o 
38  18N 

37  47- 

36  37 
34  »4. 
33  43. 
33  36,9|i 
33  4:.^ 
3o  II. 
'7  39- 
»i  3a. 3 


Cape  St.  L 


179  S6B 


I 


»56 

17  19 

■w 

11  St... 

9  38. 

5  56.! 

4  5i.: 

a    1.1 

1    fi.3 

I   Barrier  Reef— 

Inaide,  Nu.  I  prong  . . 

"      Ko,  4  prong  . . 

Outside,  Ni>.  I  prong.  ! 
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UREA.T  CIUCLE  SAlLINO.  507 

"Die  ahortsit  distance  between  Ino  points  on  the  earth's  Buiface  ia  on  tlie  arc  of  ■ 
ftuat  ciicle. 

The  following  role*  irill  enable  ihe  naTisator  to  calculate  tbs  courses  and  dj^tnnci, 
and  to  prtgect  the  great  circle  track  of  the  yoytue,  on  the  chart.  By  prcjectiou.  ihc 
shortest  distance  between  the  two  given  points  will  be  readily  perceived. 

The  greatest  difference  between  the  tracks  is  found  in  the  higher  latitude^  aud 
between  points  in  about  the  same  parallels.  In  crossing  the  equator,  this  ditrermif*. 
generally,  is  not  of  so  much  importance. 

In  Case  I.,  wc  find  the  courses  on  the  great  circle  to  differ  &oni  the  course  on  the 
rhumb  line  about  two  points.  This  difference,  in  many  casDs,  is  often  more ;  the  knowl- 
edge of  which  might  be  of  great  importance  to  the  mariner,  by  enabling  him  to  go  on 
his  course  with  a  wind  which  on  the  rhumb  line  would  be  adverse. 

The  course  on  the  rhumb  line  is  always  the  same ;  on  the  great  circle  it  is  continually 
onaiging.  It  would  be  well  to  calculate  the  course  two  or  three  times  daring  the  day, 
working  out  the  position  of  the  ship  by  the  usual  methods. 

A  vessel  sailing  on  the  great  circle  track,  on  the  same  side  of  the  equator,  ia  always 
In  a  higher  latitude  than  she  would  be  on  the  rhumb  line ;  conaequenUy,  in  nort^  let- 
—  itude,  the  great  circle  line  will  be  north  of  the  rbumb 
^■■^  line,  and  in  south  latitude,  will  be  south  of  the  rhumb 
line.    This    is   evident   on    inspecting   the   annexed 

When  the  course  found  ia  greater  than  90",  its  sup- 
plement via  be  the  course  counted  from  the  opposite 
pole.  Thus,  in  Case  V.,  the  course  is  N.  131"  24'  }i.. 
ot  a.  W°  36'  E. 

In  calculating  the  courses  FLL'  and  PI/L,  and  the 
distance  LL',  we  have  the  two  sides  PL  and  PL*,  and 
their  inaluded  angle  LPL'  given,  the  sides  being  the 
co-laiitudos  of  the  giren  plao* "  --'''---  '-  "'--^-  - 
the  difference  of  longitude. 

CASE  I. 
Oi«n  fA«  latiluiitt  and  longitadei  of  Itfo  placet  on  IA»  latnt  tidt  nf  t/ia  tpmtor,  to  find  It* 

By  Theorems  (8),  (7),  page  496,  we  obtain  the  following 
RULE. 

Hake  two  columns,  and  write  down  the  following  logaritluns.  The  log.  cosine  ol 
half  th)  difference  of  the  latitudes  in  Col.  1,  and  the  log.  sine  in  Col.  2,  the  lug 
cotangc.it  of  half  the  difference  of  longitude  in  both  columns,  the  log.  cosecant  of  hdl 
the  sum  of  the  latitudes  in  Col.  1,  and  the  secant  in  CoL  2.  The  aum  of  the  logs,  in 
Col.  1  will  give  log.  tangent  of  half  the  sum  of  the  courses,  and  the  sum  of  the  logs 
in  CoL  2  will  give  the  log.  tangent  of  half  the  difference  of  the  courses.  The  sum  of 
^ese  results,  rejecting  20  in  the  index,-  will  give  the  course  corresponding  to  the  greaiett 
latitude,  and  their  difference  the  course  corresponding  to  the  Jsiuf  latitude. 

EXAUPLE  I. 
Required  the  oottr«e  fWim  a  point  in  the  latitude  40^  N.  and  longitude  70°  W.  to  a 
place  in  the  latitude  SO"  N.  and  10°  W. 

Htdf  the  sum  of  the  lats.^lg*^.    Half  their  differenoe^G°.     Half  the  difference  ol 

long. —  30". 

Col.  1.  Col.  2 

(  difr.  lata.  0° .     COS.  9.66834    1  diff.  lata.  fi° sine        8.e403a 

I  dift  long.  30° cotaog.  10.238Se       Same. 10.23848 

j  sum  lata.  4S*> oosec     10.15051    i  sum  lata.  4fi'> secant  10.160^1 

isvm  courses, tang.      10.38741    i  difL  courses tang.      6.32937 

67°  43'  12°  03"  

12    03 
Coarse  N.  79°  46'  W„  bom  latitude  fiO°  N. 
Course  N.  U°  40'  E.,  &om  ladtade  40°  N, 

By  Mercator'a  sailing,  the  ooune  from  60°  N.  is  8. 7S°  42'  W.,  making  a  difference 
of  28°  32'. 

When  the  places  have  the  aame  latitudes,  the  tnm  of  the  logatUhsM  in  OoL  1  will  1 1 
Uu  log.  tangent  of  the  course  from  either  jdaoe. 
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attEAT  CmCTJE  SAIUNa. 
BXAHPEB  a. 


Required  the  course  from  k  point  in  the  Imatude  of  40°  B.  ind  20°  B.,  to  taatht 

poiut  in  latitude  10°  S.  and  longitude  ao°  K 

Th»  uftlf  sniu  latitudes  is  40°,  the  hslf  diflereiice  ii  0°,  and  ludf  the  difleroae*  tt 
longitude  30°. 

4  difference  lots.  0° ooeine    10.00000 

4  dilfcrence  long.  30° COtang.   10.28856 

I  Bum  Uts.  40° oosec.     10.IB198 

Coune,  66°  38' tang.      10.43049 

The  courses  are  8.  09°  38'  E.,  or  8.  S9°  38'  W.,  and  the  diSn«noa  between  them  and 

ha  Mercucor  coune  is  20°  22'. 

CASE  n. 
Oivtn  tlu  UUUvdf  and  longitudat  of  l/ktttpo  plaett,  and  rt«  aaursM,  lo  find  Htlanet. 
Theorem  (2),  page  494,  gives  the  rule. 

RULB  L 
Add  together  the  log.  sine  of  the  difTereoce  of  the  longitude,  the  log.  cosine  of  the 
latitude,  uie  log.  cosecant  of  the  course  j  the  sum,  injecting  20  in  the  ii^ax,  will  be  tha 
log.  sine  of  the  distance. 

When  the  greatest  latitude  is  used,  the  least  course  must  be  taken,  and  when  th 
lean  latitude  is  used,  the  greatest  course  must  be  taken. 

EXAHPLB   I. 

Let  the  latitudM  and  longitudes  of  the  places  be  as  in  Example  I.,  Cai«  L,  and  the 
jonrtes  sa  therein  found,  56°  40'  and  79°  48'.    Required  the  distance. 

Difference  of  Icmg.,  60° sine      S.9375S 

Greatest  latitude,  fiO° cosine   9.80807 

Least  course,  66°  iO*. ooMe.  10.08314 

Distance,  42°  23' sine       9.82874 

2643  miles. 
Uy  Theorem  (lOJ,  page  496,  we  obtain 


Add  together  the  log.  secant  of  half  the  difference  of  the  two  course*,  the  log.  ooeuM 
of  half  the  sum  of  the  two  courses,  snd  the  log.  cotangent  of  half  tH'j  sum  of  the  lat- 
itude* 1    the   sum,    rejecting   20   in   the  index,  will  be  the  log.  tai^ent  of  halt  the 


EXAMPLE  IL 
Giren.  the  part^  as  in  the  fvevious  example.    Required  the  distance. 

j  difference  courses,  12°  03' secant         10.00968 

jsum  courses,  67°  43' cosine  S.J788S 

i  sum  latitudes,  4S° cotangent  10.00000 

*i  distance,  21°  IIV tangent        9.58863 

42°  23'   0r2fi43mllM. 

I>i>taneeb7'Mercator's  sailing 2S0B 

Gain  on  the  great  cirole, ..M 

TTsa  Rule  n.  when  any  doubt  exists  as  to  tha  rssttlt.  nUeh  may  be  the  ci 
difference  of  longitude  u  about  00°. 
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GREAT  CmCLB  SAILINO. 
EXAMPLE   in 


Difference  long.,    60'        una        9.63758 

Latitude,  40°       cosine    9.8M2S 

Course,  68°  38' Dcaec  10.0J8O4 


2708 

OHMace  b^  Parallel  Balliiig, 2758 

"        **    great  oircle  •■        2703 

Gain, 6fi 

CA8B  m. 
Oivm  the  latitude  and  limgiludt  of  too  plaai,  to  find  i\e  monmum  itpanttum  in  latiludl. 
In  euling  between  two  places  on  the  Mme  side  of  the  equator,  on  a  great  circle,  th* 
Teaael  alwaya  keepa  in  a  higher  latitude  Hian  on  the  rhumb  line,     llie  point  on  the 
great  circle  which  is  the  greatest  dintanee  from  the  rhumb  line,  measured  on   the 
meridian,  is  the  paint  of  mazimnin  separation  in  Istltnile. 

RULE. 

For  lAt  baitudt,  — Find  the  course  between  the  places  by  Meroator's  sailing,  and 
take  the  supplement  J  also,  the  course  on  the  great  circle,  from  the  same  Utirudei  add 
together  the  log.  cosecant  of  the  Merrator  course,  the  log.  sine  of  the  great  circle  oaurse, 
and  the  log.  coaine  of  the  latitude  of  the  place  of  the  great  eirole  course ;  the  mam  b 
the  Utg.  cosine  of  the  Istimde  required. 

RULE. 

For  tie  longiivde.  —  Add  together  the  log.  seoant  of  hnlf  the  difference  of  the  giren 
tatltndt  and  the  latitude  just  found,  the  log.  sine  of  half  the  sum  of  the  latitude^  and 
the  log.  tangent  of  half  the  sum  of  the  great  circle  course,  and  the  supplement  of  tlu> ' 
Mercator  course ;  the  sum  will  be  the  log.  cotangent  of  half  the  difference  of  longitude 

BZAHPLS  L 
Required  the  latitude  and  longitude  of  the  point  of  the  maximum  separation  between 
nvo  points,  one  in  the  latitude  40°  N.  and  longitude  70°  W.,  and  the  other  in  latitude 
50°  N,  and  longitude  10°  W. 
By  Case  I.,  Mercntor'a  sailing,  we  And  the  course. 

As  merid.  diC  of  Ut.,  SSI, 3.92993 

Is  to  radius, 10.00000 

Soil  the  dlif.  of  long.  3600, .3.66630 

To  tang,  conree,  76°  42' 10.62637 

Its  tnpplmunt,    103°  18'. 
Vj  Case  L,  Example  L,  we  find  the  great  oirclo  couno,  fnmi  40°  N.,  to  be  fiS°  40 
Ti  Jh%d  tKt  letUudt. 

MercKor's  course,     76°  12' coeecant  10.01181 

Great  circle  course,  SS°  40' sine  0.91686 

Lattlude,  40° co^ne       9.884M 

Latitude  required,  48°  28' conne       9.81292 

T\>  find  tk»  byngOade. 

Loweet  latitade,  40° 40°         Supplement  of  Mercatm  eonrae,...103°  IS 

LaUtudaof  max.  soparstion, 49°  28'    Great  circle  couiae 56°  40 


Siun, .86°  28'    Smi, .158°  56 

iwm, .44°  44'    lium, 79°  » 

DlfHsrence, ..9°  28 
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UltJSAl  CIRCLE  SAILINO. 

■  •liir.  of  latitudes,      4°  44  .,..'. weult,  10.0014B 

i  sum  of  latitudes,   44°  44 sine,  9.84T4S 

i  sum  of  courses,      79°  29' .tangent,  10.73131 

i  diff.  of  longitude,  14°  44' eotangent,  10.iS036 


EXAMPLE   TL 


W.,  ot  SO",  and  it 

For  iKt  latitude.  I  For  fAe  longituda. 

Uerc  oonne,  90° oomo.  10.00000      In  thia  and  dmilar  c«te«  of  panUellat- 

Orcat  circle  co^  6S°  88'....Biiie       6.S7196  jitudes,  the  difference  of  longitude  vill  be 
Latitude,  40° .....oosine   9.88426  [equal  tohalf  tlie  difference  of  longitude  b»- 


e.8fi62i  , 


n  the  given  placea,  wUch,  ir   .     .  ._ 
e,  ii  30°,  and  the  long,  required,  60.° 


CASE   IV. 


When  both  courses,  counted  &om  the  same  pole,  are  leas  than  00°,  then  the 
latitude  of  the  arc  ivill  be  within  the  two  given  points. 
By  Theorem  (2),  page  494,  we  get  the 

BULB 

For  Vi»  laiitudt. — Add  the  cosine  of  the  latitude  to  the  sine  of  llie  great  circle 

eonrte,  firom  the  iame  latitude;  the  sDm,  i^eoting  10  in  the  index,  will  be  tbe  lOft 

Bj  Theoran  (I),  page  494,  we  obtain  the 

RULE 
For  tha  iongiluda.  —  To  the  log.  sine  of  the  latitude,  add  the  log.  tangent  of  the  cor. 
responding  great  circle  course  j  the  sum  will  be  the  log.  cotangent  (^  the  differenee  id 
longitude. 

'  EXAMPLE  L 
(Hven  the  latitude!  and  longitudes  of  two  places,  es  in  Example  L,  Case  L ;  via  i  10° 
N,  «nd  70°  W„  and  60°  N.  and  10°  W.,  to  find  the  .r.viTn.iTY.  latitude.    Tlie  great 
einle  oouisee  are  found,  in  Cose  I.,  to  be  £G°  40*  and  79°  46, 


Tojbid  At  latitwh. 

XjA.  40° cosine  9.SS4 

Course,  56°  40" sine  0.916; 

Lat.  required,  60°  461' CO*.  9.801 


To  find  (As  hngittiat. 

Latitude,  40° sin*        9.80SC> 

Course,  66°  40* tang.     lO.iaWt 

Diff:  long.,  46°  44' cwang.  S.8T366 

Long,  left,  70° 

Long.  req.  S3°  IS'  of  the  max.  lat. 

When  both  places  are  in  the  skme  latitude,  the  m.^lTnuin  latitude  and  the  ]<oint  of 

— ' separation  will  be  the  same. 

EXAMPLE  n. 
d  the  maximum  latitude  between  two  pointa ;  tme  bi  lat.  40°  S.  «nd  W"  K 
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OUBAT  CUtCLB  SAIUNO.  bll 

Xn  Cm*  I^  Bxunple  n.,  iht  great  oircle  courae  ti  89**  34' 
Dr  Jlttd  Iht  laiitwU, 

Latitude,  40" cmIdo  9.8M2fl 

Course,  as"  38' sine      9.97188 

Latitude,  ii°  W coune  P  85821 

Bdog  the  same  resulta  m  in  Cu«  IIL,  Bxuaple  II. 
In  this  cne,  the  iGngitude  will  be  midway  betweaa  the  two  ^Ten  longitudett, 

CASE   V, 

Omm  bBO  plaat  on  On  i^potitt  Mm  of  th«  tqtalOr,  M  .A«a  '^  arurmi  and  diridHCV  on 

on  are  of  tAt  grtet  etrcU. 

Find  the  point  of  intereecdon  of  the  great  circle  with  the  equator,  by  the  fbUowinf 

rule ;  then  with  this  point,  and  the  pk^en  given,  proceed  as  in  Caaea  I.  and  II.  for  the 

-'□unea  and  distance. 

KULE. 
Add  togetlter  the  Biiis.af  the  difTarenee  becweas.  'Jib  nri  Atltudes,  (not  the  difference 
if  latitude,)  the  cosecant  of  the  suui  of  the  latitudes,  and  the  tsngent  of  half  the 
difference  of  longitude  ;   the  sum,  rejecting  20  in  the  index,  will  be  the  tangent  of  an 
•K  X,  which,  added  to  half  the  difference  ot  longitude,  will  give  the  diffeionce  of  lon- 
gitude between  the  greatest  latitude  and  point  of  intersection. . 
EXAMPLE. 
Oiven  two  prants,  one  In  iO°  N.  and  70°  W..  and  the  other  in  30°  S.  and  10°  W. 
n;eq<iired  the  point  of  intersection  of  the  great  circle  with  the  equator,  and  the  coursM 
and  iii>:ance  between  the  two  giren  places. 

The  d-lterence  between  10°  and  30°  — 10°.    The  snm  i*  70°.    Half  the  differenee  «f 
umgitude,  30°. 

Differencebetweenthelata.  10° sine       9.33987 

Sum  of  the  latitudes,  70° oosec.  10.02701 

Half  diRbrence  of  long.         30° tang.     9.76144 

AroX,  8°0S' tang.     9.02812 

Half  diff.  of  long.  80° 

Diff.  of  long,  boat  40°  N.     36°  06' 
Long,  left,  70° 

Long,  of  intersection,  33°  66'  W. 

Having  the  latitudes  40°  N.  and  0°,  and  the  longitudes  70°  and  33°  fifi',  m  em 
lalculate  the  courses  and  distance  by  rules  given  in  (£sea  I.  and  TL 
Ta  oaleulaU  th6  amntt. 
Half  ■nm  lata.,  20°,  and  half  difference  of  lats.,  20°.    Half  difference  long.,  18°  03 . 


t  difE  longa.  18°  03' cotang.   10.48694 

ti  sumlata.  20° cosec.     10.48596 


1  sum  lata.  20°. 

1  diC  coursae,  13°  10'.. 


8.  48°  38'  E.  from  latitude  40°  N. 

Ibjbuj  tht  dulamet. 

Difference  of  long,  36°  OlS' sine         9.770M 

Greatest  latitude,  40° coana     9.884U 

Least  eooise,  35°  04' ocaec.    10.24049 

Diataace,  51°  4S' sine       9.39501 

^0 

SlOfimilea. 


izedbyGoOglC 


fll2  GREAT  CIRCLE  SAIUNQ. 

To  fiuJ  .he  courscM  and  lUstMiM  from  the  equMor,  in  lout.  S3°  66'  W..  to  30"  & 
uid  10'  W. 
Hair  6iun  lau.,  1S°.    Half  diff.  of  Uts.,  1S°.    Half  di£  long.,  11°  6T. 

To  fmi  tha  comma*. 


180° 
L  4:°  33' TV,  from  SO"  S. 


To  fiKAfhtA 


I>ifi^r«nce  long.  23°  66'. . 

Gretitest  lat.  30° 

Leut  coune,  36°  03' 

DUunee,  37°  41' 

_80_ 
2:161  mile*. 


lb  pngact  Ma  track  on  a  jnM  einh' 
First,  (b;  Baper.)  When  the  places  are  on  the  Mme  tide  of  the  eqaitor.—  Draw 
Jie  tine  conDGctinur  the  given  placee,  &nd  the  position  of  the  point  of  Che  maiiuiutt, 
reparation  of  latitude,  and  Arough  thia  point  draw  a  line  parallel  to  the  line  connectin|i 
the  tvo  plitces.  Find  the  counea  on  Ute  great  circlB  mnn  the  two  places,  and  draw 
them  on  the  chart.  We  am,  through  these  three  poiota,  rooRhl]'  trace  the  required 
curve.    If  the  maximum  latitude  ^la  on  the  outtb,  we  ■hall  h***  *  fourth  point. 

EXAMPLE  L 

GiTen  the  Intitudca  40°  N.  and  60°  N.,  and  their  correcpoudlng  longitudes  70°  W. 
and  10°  W.,  to  project  the  great  circle  track  connecting  them. 

By  Case  I.,  the  courses  are  fonnd  to  be  N.  66°  40'  C  and  N.  79°  46'  W..  and  tj 
Case  III.,  the  poiition  of  the  point  of  rMUtinum  eeparaCioa  of  latitude  ia  found  to  be  4?^ 
28'  K.  and  40^  32'  W. ;  and  b«  Case  IV.,  the  maximum  latitude  i*  in  60°  46i'  N.,  and 
23°  IS'  W. 

Draw  on  the  ohart  the  line  AB,  oonncctlng  the  two  ptrfnta ;  from  A  and  B,  lay  alf 
the  oouraea  N.  70°  46'  W,,  and  N.  66°  40'  B. ;  throogh  the  point  of  maximum  aep- 
aracion  draw  a  lino  parallel  to  AB ;  through  these  point*,  and  the  point  of  "'«»''""i" 
latitude,  draw  the  dotted  line,  which  will  be  the  track  required. 

Second.  — When  the  places  are  on  opposite  sides  of  the  equator.  —  Find  the  course 
at  each  of  the  given  points,  and  the  points  of  maximum  separation  of  latitude,  for 
both  sides  of  the  equator ;  And  the  longitude  of  the  interawtioii  of  the  great  circle 
nrith  the  equator,  and  the  course  at  that  point ;  wiUi  these  ftv*  poiuta,  construct  tha 
track. 

BXAHPLB   n. 

Olren  two  placea,  one  in  the  latitude  40°  N,  and  longitude  70°  W..  and  the  other  ia 
30°  S.  and  10    W.,  to  prciject  the  track  on  the  great  circle,  passing  through  them. 

The  courses  arc,  by  Case  V.,  N.  il"  33'  W.,  from  30°  8.,  and  S.  48°  36'  E.  from  40°  N. 
The  longitude  of  the  intersection  of  the  great  circle  on  the  equator,  by  Case  V.,  ia  31' 
56'  W..  and  the  courae  at  the  intersection  is  N.  36°  03'  W.,  and  B.  86°  03'  E. 

The  maximum  separation  of  latitude  north  of  the  equator,  is  fn  36°  33'  N.  and  6)* 
31' W.;  and  south  of  Che  equator,  is  in  18°  21' 3.  and  20°  31' W. 

With  these  points,  the  groat  circle  track  can  be  ooDMructvd,  a*  in  the  azample  ]»» 
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OREAT  CmCLB  SAIUNQ 


BXAUPLE  III, 


Given  one  plwa  in  the  latitude  40°  8.  ud  20'  E.,  and  anMher  in  41  S  ud  80°  B.. 
la  pHqent  the  tnb  k. 

ay  Cue  I.,  Eumple  n.,  we  And  the  eounei  to  be  S.  69°  38'  E.,  and  S.  69°  38'  W. 

B^  Case  III.,  Exampls  n.,  the  maximum  sepatatioii  of  latitude  is  in  if  OV  8.  and 
loneitude  50°  E. 

By  Case  IV.,  Bxempte  U.,  the  ina»imttm  latitude  in  thia  eaae  ia  the  Muoe  m  Che  max- 
bnam  separation  of  latitude. 

With  these  Cbiee  poiata,  the  back  can  be  eaailj  drawn. 


Tbe  great-circle  track,  from  Cape  Clear  to  the  northsrn  portion  of  the  United  State* 
ptuues  so  near  Cape  Race,  that  marincra,  in  endeavoring  to  keep  on  this  track,  are  oftei 
placed  in  great  peril  wben  approaching  the  vicinjly  of  Newfonnoland. 

ThH  fullowing  track,  from  Cape  Clear,  pasamg  through  a  point  one  hundred  miles  south 
aost  of  Cape  itoce,  and   thence  to  Nantucket  Suuth  Shoal,   hf  ifrrealet'i  lailiiig,  it 

l^L  Iabk  lat.  Lniia. 

Isi  Prom  Cape  Claar,  in   .    -    -    01°  20' and    9°  29',  to  Bl°  10' and  23°  21'. 
id.    From  61°  16'  and  88°  !7',  to  49°  43'  and  37°  24'. 

Sd.    From  49°  2S'  and  37°  24',  to  45°  28'  and  61°  21'. 

4lh.  From  lOiy  a  E  ofCape  Race,  4G°  28' and  Gl°  21',  Co  41°  04' and  69°  SI'. 

The  distance  oa  these  four  coarses,  bj  MereatoT'i  imling,  is        ■         ■         -  25821 

Ihe  distanoe  on  the  Gnat  Cirele,  from  Cape  Clear  to  a  point  100  miles  S.  East  of 
Cape  Race,  and  Chance  to  NantuckM  SouCh  Sboal,  is      -        -        -        •        -        Sa28 

Makingasavingof  only  about 44 

The  distanca  on  the  great  clrele,  dirset  from  Cspe  Clear  to  Nantnoket  South  Shoal,  is,  2606 
Being  tinlj  27}  miles  Ibbb  than  Lhe  rouCe  proposed. 

Good  Hope,  we  have  (\>j  Example  lU, 

-"■--  2768  mile^ 

2703      ' 


In  sailing  essterly  bejond  the  Cape  of 
pa^e  464)  the  dlstanca  by  parallel  Bi 
And  bj  great-circle  sailing 


Kow,  [f  by  Idercator  tailing,  we  lay  off  the  track 
From  40°  S.  and  2(jS  &  to  44°  D«'  S.  and  B0°  E.  and  thence 

From  44°  06'  S.  and  fiO°  R  to  40°  S.  and  80°  K,  wa  shidl  find  the  distance       272S      " 
Only  19  miles  mure  than  the  great  cirele. 

Prom  the^e  eiamples,  it  Would  seem  that  the  ■d*intage*  in  most  casee  deritad  from 
keeping  ou  the  great-cirole  track,  are  not  suflkient  to  aDthwiae  tbe  manoar  to  run  iha 
laaai  risk  in  purs>ii£j  hii  ewati ;  and  thai  the  anaU  sann|  of  dittance  is  not  reallj  sf  any 
ooci[aratiTe  wfoitiuie*. 
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ON  THE  COMPASS. 


Tlie  Britisk  Admtnltr  hnve  directed  thut  CompasBw  BbouM  bo  plued  at  leutl 
(•et  6  iatitw  apwt  on  board  of  the  abipa  of  war.  This  ia  to  sToid  the  diHtartnuee 
known  to  exiat  whan  two  needles  are  placed  near  each  other.  The  error  Iroai 
thJB  aource  haa,  in  aome  eases,  amounted  to  more  than  8°.  It  ia  to  be  hoped  tiiat 
thp  mercantile  interest  of  the  country  will  adopt  this  rule.  If  the  steering  ap- 
paratoB  ia  sufficiently  amall  one  compass  is  Btrangly  recommended,  a  standaid 
oompaBB,  for  reference,  being  placed  on  the  centre  Ime  of  the  ship. 

No  Iron  should  be  sUowmI  within  tevtn  feet,  and  vtrlieal  Irou  ttandteons,  Ac., 
should  be  at  least  fourteen  feet  ttam  the  compsasea. 

Binnacles  should  be  made  witiiout  doon,  to  prevent  improper  snbatancea  from 
being  placed  therein. 

The  common  compassea  are  firequently  very  imperfectly  constrncted,  and  the 
needles  poorlv  magnetized.  Great  care  in  their  selection  cannot  be  too  stronglj 
recommended;  the;  should,  like  the  chronometer,  ba  ear«fuily  handled,  and  not 
subjected  to  the  rough  usage  they  frequently  receive. 

Kuies  for  ascertBining  the  deviation  of  the  compass  caused  by  the  Iron  in  the  ship. 

1st. — A  good  standaM  compass  abould  be  placed  on  the  centre  line  on  the  quert>!i 
deck,  as  ftr  as  poasible  from  all  maases  of  Iron.  It  should  have  such  a  support  as 
wiQ  render  beaiinM  and  amiditndes  easily  taken. 

3d.— Bearings  ^nld  be  faken  on/v  on  that  part  of  tAs  ihip  wAsrs  tfu  itandn^ 
eompats  u  pla^,  or  icAar*  th»  oAttntMoiufor  dtvUOton  were  made. 

Sd. — When  the  ship  is  fitltf  rtady  for  tta,  teitk  tvery  Aing  en  board,  allow  her 
head  to  come  iqi  soccessively  to  ttie  uir^-two  points  of  the  compaas ;  then  aecn 
ifttely  observe  the  bearing  ot  tomt  distant  but  well  defined  object,  (the  real  mag 
netic  bearing  of  the  same  having  been  ascertained,)  and  record  tiie  same  as  ia 
Table  I. 

4th. — The  real  ma^etie  beaiinfi  may  be  fonnd  by  taking  the  standard  rompaas 
mi  shore  and  placing  it  on  a  line  wiUi  the  object  observed  and  that  part  of  the  ship 


TABLE  L 

Real  magnetio  bearing  of  ttte  dittamt  objtet  from  die  sUp,  N.  80°  E. 


Ship*!  Head 

Bearing  oT  by 

DeTiatlon  of 

Ship'*  He»d 

Bearing  of  by 

by  tfae  Stand- 

the Standard 

the  Standard 

by  the  Stand- 

the Studnrd 

the  Staudard 

ard  OvmpiK 

OompsH. 

Oomps-. 

ard  Compau. 

Compel. 

CompM* 

North. 

N.  81"  E. 

1°  w. 

South. 

N.  800E. 

Nothing. 

N.  by  E. 

N.  M.  E. 

N.  79    E. 

1"  E. 

8.  by  W. 
S.  S.  W. 

N.  ei"  E. 

i°wr 

N.  78    E. 

9=  E. 

N  89°  E. 

s°w. 

N.  E.  by  N. 

N.76    E. 

4'  E. 

"■W- 

N. 83°  E. 

8°W. 

N.76    E. 

b"  E. 

N.  84°  E. 

4°W. 

N.  E.  by  E. 
E.  N.B. 

N. 74    E. 

•<■  E. 

8.  W.byW. 
W.  8.  V. 

N.  860  E. 

s°  w. 

N.  73    E. 

7°  E. 

N.  86°  E. 

6°  W. 

E.  by  N. 

N.  79    E. 

B"  E. 

W.  by  8. 

N.  87*  E. 

7i  W. 

E>^. 

N.  73t  E. 

7*  E. 

Weit 

N.  87°  E. 

7°  W. 

E.byS. 

N.73    E. 

7"  E. 

W.  bvN. 
W.  N.  W. 

N.  86»  E. 

6*  W. 

E.  S.  E. 

N.74    E. 

e"  E. 

N.  86°  E. 

6°W. 

8.E..^E. 

N.75    E. 

B"  E. 

N.  W.byW. 

N.  BS°  E. 

i-VT. 

N.  78    E. 

4=  E. 

N.  B4°  E. 

4°W. 

8.  E.  by  8. 
S.  8.  E. 

N.77    E. 

8»  E. 

N.W.bV_N. 
N.  N.  W. 

N.  63°  E. 

S°W. 

N.79    E. 

so  E. 

N.  89"  E. 

9°  W. 

8.  by  B. 

N.  79*  E. 

M  E. 

N.byW. 

N.  81°  E. 

1«W. 

The  deviation  is  Eatt  when  tbe  north  end  of  the  needle  is  drawn  to  the  eastward. 


SIS 

or  iwbt  band ;  and  WtsI  wh«n  the  north  end  of  tiie  needle  U  dram  to  ib»  ivest- 
mi^  or  left  hand. 

EzAHPLB : — When  the  Bhip'i  hesd  ia  E.  by  N.  the  bearing  by  the  atuidard  oom 
MSB  wu  N.  73°  E.,  It  followB  that  the  north  end  of  the  needle  haa  been  attracted 
6°  to  the  eaatward. 

Should  there  be  no  proper  object  of  anfficiont  diatance  viaible  from  the  abip,  then 
a  aecond  compaw  muat  b«  taken  on  ahcne,  and  the  bearing  of  the  two  compasaei 
&om  each  other  obterred  at  each  of  the  thirtj-two  poiuta,  and  the  results  registered 
u  ui  Table  II.  The  standard  compaaa  ahould  be  compared  on  shore  with  the 
second  ccHnpasii,  i^d  if  anj  difference  la  found  it  ahonld  M  noted. 


TABLE  n. 

StudinlCaD- 

ll«rto,.fa. 

Bnif.1  qT  Ux  Btute4  Cwrw 

froB  Ik*  U  CoDput «  Air.  .ith 

tk*  Mrmttoa  tar  Uidr  ttflamu 

.(.pttM. 

«acoBi— . 

CnmlMf 

N. 

N.  by  E. 

N.  N.  E. 

dec 

S.  31°  W. 
S.  2Bi  W. 

N.  30     E. 

N.  an  E. 

N.  M°  E. 

10  W. 

l^E. 

Neariy  N. 
N. 18=  E. 
N.S4°E. 

CoL  6th  giTOS  the  correct  manietie  course,  and  also  the  points,  when  the  iron 
ijMiBea  the  least  deriation,  which  EenereUy  are  the  North  and  South  points  ;  but 
aa  thia  is  not  slwaya  to,  eapecially  &r  ateam  vesaela,  we  should  depend  upon  obaer- 
vations  only. 

The  points  once  established  may  be  conaidered  permanent,  provided  every  thing 
remains  the  same  and  the  compaaa  need  in  the  same  j^laoe. 

An  azimnth  at  sea,  with  the  ship's  head  on  the  point  of  no  deviation,  will  give 
the  tme  variatUm. 

The  amount  of  deviation  Tuiee  with  the  latitude,  and  in  soutiiem  latitudes  it  be- 


deviation.    If  the  resnlta  conform  to  the  table  they  may  continue  to  be  used : 

if  not,  then  a  new  table  should  be  made. 

The  standard  compasa  in  iron  vessola  should  bo  raised  above  the  deck  much 
higher  than  in  sailing  vessek. 

In  steam  vessels  with  telescopic  funnels  flie  deviation  is  sensibly  affected  when 
fiiey  are  taken  dowi^    Observationa  ahooM  be  made  when  np  and  down. 

It  is  recommended  that  Uie  ship  should  be  dirteted  iy  (Aa  itandard  eompaia,  ana 
the  Unoade  compass  shonld  be  used  by  the  helmsman  only  to  give  the  approximalc 
course.    Direct  Wtenoix  ahonld  h«  frequently  had  to  the  atandaid  ctnipasa 
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